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CONTRACTORS - ENGINEERS 


INTRUSION-PREPAKT, INC. 


CHICAGO - TORONTO. SEATTLE CLEVELAND 14, OHIO SAN FRANCISCO - PHILADELPHIA 







CONCRETE AND MASONRY REPAIRS - NEW CONCRETE CON- 

STRUCTION + BRIDGE PIERS - COFFERDAM SEALS + CAST-IN- 

PLACE PILES - CASING AND PROTECTION OF WOOD PILES - 

GROUTING + FOUNDATION STABILIZATION + UNDERPINNING 

¢ TUNNEL MAINTENANCE + DAMS + RETAINING WALLS - GROUTED 
CORE WALLS + EXPLORATION 


Years of PREPAKT experience and careful job control assure you of the follow- 
ing qualities in PREPAKT CONCRETE: 


Any desired ultimate strength—1500 to 7000 p. s. i. 
No setting shrinkage and 50% less drying shrinkage. 
High permanent bond to existing concrete. 
Superior weather resistance, especially to cyclic 
freezing and thawing. 

® Superior resistance to action of salt water. 

® High impermeability to moisture. 


PREPAKT, with all these favorable properties, requires 30% to 60% less port- 
land cement than ordinary concrete of equal strength. PREPAKT may be made 
under water as well as in the dry, with equal facility and without increasing the 
cement content. 








‘ ZURICH + PARIS + MADRID + STOCKHOLM.» HELSINKI.» BER 
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1952 
Conuention Program 


Emphasis at the 1952 convention, Netherland 
Plaza Hotel, Cincinnati, February 26-28, will be 
on economy in design and construction and on good 
concreting practice to produce more durable 
structures. Details of the papers to be presented 
begin on p. 4. 


Of two papers on the design and construction the first will 
report economic comparisons for 260 different designs for 
conventional and prestressed concrete reservoirs. The second 
will review the design of a prestressed concrete bridge and the 
construction problems in assembling and prestressing the 
precast units. 

Durability of concrete will be considered in five papers. 
The important field of concrete railroad structures will be 
reviewed by representatives of two major railways. Dura- 
bility in pavements and hydraulic structures will complete 
this part session. A round-table discussion on curing will 
point up the requirements for pavements, structural con- 
crete, mass concrete and canal linings. Fundamental prin- 
ciples of curing and the action of various curing agents will 
be discussed. 

An introduction to the session on ultimate load design will 
give the historical background of the ultimate load theories 
while other papers will summarize research programs in this 
field, demonstrate the practical application to the design of 
sections and discuss load factors. 

Under materials and properties the thermal expansion of 
aggregates, effects of temperature changes on concrete as 
influenced by aggregates, calcium chloride in concrete, and 
the use of fly ash to reduce cement-aggregate expansion will 
be discussed. 

In the design session, field practice in lightweight concrete, 
economical design of concrete beams, developments in rein- 
forcing steel and concepts of safety, and the analysis of 
skewed rigid frames will be reported. 

Papers on applications of vacuum concrete, temperature 
control in mass concrete, small building construction and 
insulation of forms to protect new concrete from freezing 
will comprise the session on construction. A movie 
show a machine method of lining pipes with concrete. 


will 


The annual research session will provide glimpses of 
progress in various studies of concrete underway at public 
and private laboratories. 


The panel discussion ‘will emphasize the problems on the 


small concrete job. Panel members are being selected on 
the basis of their experience on this type of work. 


Continued on p. 4 
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Program preview, 48th Aunual ACI 
Convention, Netherland Plaza Hotel 
Cé ° ti 


February 26-28, 1952 


TUESDAY, FEBRUARY 26 


9 a.m.—Fourth Floor Foyer—Conven- 


tion registration begins—Members 


and nonmembers—Registration fee 
$2.00 

Technical committee meetings as 
scheduled 


10:30 a.m.—Pavilion Caprice —Con- 
vention called to order by President 
Harry F. Thomson 


PRESTRESSED CONCRETE 


Relative Economy of Conventional and Pre- 
Reinforced Concrete Reservoirs 
George C. Ernst, C. O. Brunken and A. R. 
Riveland, University of Nebraska, Lincoln 


stressed 


Cylindrical wall designs resulting from the 
use of various stress combinations for con- 
ventional and prestressed conditions are 
compared, and the most advantageous are 
selected for making an study. 


Quantities of concrete and steel resulting 


economic 


from designs for 180 complete reservoirs and 
80 additional designs reveal that those of 
prestressed concrete would have a lower first 
cost than the conventional designs if unit 
cost of the prestressed wall in place does not 
exceed approximately twice that for the 
conventional wall. In most cases of unre- 
stricted site location with the same 
trolling water elevation, reservoirs 

ground were more economical than under- 


above 


ground reservoirs insofar as first cost is con- 
cerned. However, underground reservoirs 
could compete with those above ground for 


capacities greater than 2.5 million gallons. 





con-, 





As to materials, construction 


saves from 40 to 60 percent for steel and from 


prestressed 
0 to 35 percent for concrete. 


Field Problems in Constructing a Prestressed 
Concrete Bridge—Clair L. Johnson, Johnson 
and Anderson, Pontiac, Mich. 

Discusses design considerations for a pre- 
stressed concrete bridge in which the girders 
were assembled from precast blocks grouted 
after completion of the members. Field ex- 
the 
number of shapes of blocks used was desirable 
and resulted in lower over-all cost. Break- 
age of blocks and difficulties in grouting 
between blocks were overcome by modifica- 
tion of 


perience showed that a reduction in 


assembling technique, changes in 
design and the development of re-usable 
joint covers. Bid prices on three successive 
jobs indicate that with familiarity with pre- 


stressed construction the cost tends to drop. 


2:00 p.m.—Pavilion Caprice — Vice- 
President A. T. Goldbeck, chairman 


DURABILITY 


Field Studies of Durability of Railroad Con- 
R. W. Gilmore, B & O Railroad, Cin- 
cinnati, Ohio 


crete 


Report on conditions affecting durability 
of concrete structures, and discussion of de- 
sign modifications and changes in construc- 
tion and maintenance procedures to prolong 
their useful life. 


General Condition of Concrete Railroad Struc- 
and Research Program on Surface 
W aterproofers—C. B. Porter, Chesapeake and 
Ohio Railway, Richmond, Va. 


tures 


Survey of structures of various ages and 


an evaluation of factors affecting their 














durability. 
ing and developing waterproofing materials. 


Brief report of research on test- 


Concrete Pavemenis Can be Durable—Frank 
H. Jackson, Bureau of Public Roads, Wash- 
ington, D. C. 

A brief discussion of the factors that con- 
trol the durability of concrete pavements. 
“Structural performance” and “durability” 
are defined. It is shown that although 
strength alone will satisfy the usual struc- 
tural design requirements, durability is also 
of great importance particularly in the 
northern states. The role of air entrainment 
in improving the durability of concrete pave- 
ments, particularly under the attack of 
chloride salts used for ice removal, is dis- 
cussed and present thinking on this subject 
summarized. It is concluded that, although 
air entrainment will greatly increase resist- 
ance to straight freezing and thawing, it is 
not, as presently applied in practice, the final 
answer to the problem of salt scaling, partic- 
ularly where large quantities of raw salt are 
used to melt ice quickly. 


Concrete Can be Durable in, Hydraulic Struc- 
L. H. Tuthill, Bureau of Reclamation, 
Denver, Colo. 


tures 


The necessity of controlling volume change 
and providing impermeability in mass con- 
hydraulic structures contribute to 
problems of durability. Mix design, place- 
ment methods, use of admixtures and other 
measures to increase the serviceability of 


crete 


such work are considered. 


Byram W. 
Steele, consulting engineer, Miami, Fla: 


Durability of Hydraulic Structures 


Durability of concrete is a relative term 
which must be evaluated in terms of the over- 
all conditions applicable to the structure 
under consideration. “That concrete is good 
enough” is a statement often heard in dis- 
cussing certain structures. In many 
the concrete is good enough; to have spent 
more time and money making better concrete 


cases 


would have been an economic waste. 

In hydraulic structures, however, the con- 
crete is too often not good enough. Within a 
few years many such structures show serious 
signs of deterioration because water finds 
its way into and through the concrete in 
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many places. 


This phase of concrete dura- 
bility is discussed and “impermeability” is 
stressed as the dominant factor in long-time 
durability in concrete. 


CURING 


Round-table —discussion—Sponsored 
by Committee 612, Mark Morris, 
chairman 


Current Concepts of Fundamental Principles of 
Curing—A. G. Timms, National Bureau of 
Standards, Washington, D. C. 

Brief review of present thinking on con- 
crete curing; what is desired to be accom- 
plished and general methods of how it is done. 


Current Practices in Curing Concrete Pave- 
D. L. Robinson, Missouri State High- 
way Dept., Jefferson City 


ments 


Discussion of the methods of curing con- 
crete permitted under the specifications of 
State highway departments. Saturated cov- 
erings of cotton felt or jute mats or two thick- 
nesses of burlap are almost universally per- 
mitted. Other widely permitted types, in 
order, are covering with waterproof paper, 
saturated earth or ponding, sealing with 
membranes and covering with hay or straw. 
Length of curing period required is found to 
vary considerably except that 72 hours is 
the minimum permitted for normal cement. 


Recommended Practices for Curing Structural 
Concrete—H. J. Gilkey, lowa State College, 
Ames 

Summarizes the factors in curing struc- 
tural concrete. Points out where and how 
these differ from those encountered in other 
types of concrete. Discusses current prac- 
tices, especially form removal and tempera- 
ture and moisture control in cold weather. 


Recommended Practices for Curing Mass Con- 
crete—W. R. Johnson and Roy W. Carlson, 

Bureau of Reclamation, Denver, Colo. 
Discusses water and membrane curing of 
concrete. Gives data on protection 
afforded by tarpaulins and wood and steel 
forms to concrete placed at low temperatures. 
Continued on p. 7 
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Air-entrained concrete, made with Darex AEA, was used 
for this new Water Treatment Plant at Antioch, California. 


Air Entraining Agent for all Concrete 


Builder: On job after job these facts have been proved: Darex AEA 
HAAS & ROTHSCHILD - : 
Ratienn concrete places easier and faster, finishes better, has better 
JOHN S. BATES surface texture, is more homogeneous, thus more watertight. 
Testing: At no extra cost, ready-mix concrete plants everywhere 
an é. = & ©. can furnish concrete that offers you these same advantages 
ounatied tare . « . concrete made with Darex AEA. Ask your supplier, or 
PACIFIC COAST write to us for full details. 
AGGREGATES 





propucrs | DEWEY and ALMY CHEMICAL COMPANY 


DIVISION CAMBRIDGE 40, MASS. © CHICAGO 38 °* MONTREAL 32 











A special “Harvey Whipple Lunch- 
eon” in recognition of more than 32 
years of service as ACI Secretary will 
be held Thursday noon. Details will be 
announced at registration time or be- 
fore. Plan to attend. 














Continued from p. & 

Recommended Practice for Curing Canal Lin- 
ings—G. E. Burnett, Bureau of Reclamation, 
Denver, Colo. 

Present practice is to cure concrete canal 
linings with liquid sealing compounds; white- 
pigmented compound being preferred by the 
Bureau of Reclamation. Good material, 
proper time of application, adequate film 
thickness and uniform coverage are impor- 
tant factors in effective and economical cur- 
ing by this method. 


Curing Methods for Concrete—H. C. Vollmer, 
Emergency Transportation Dept., Wash- 
ington, D. C. 

The more successful of available curing 
agents are listed and described; their ad- 
vantages and disadvantages, and reasons for 
rise in usage under various circumstances are 
discussed. 


Electric Curing of Concrete—Chuzo Itakura, 
Hokkaido University, Sapporo, Japan 

Describes an electrical method of curing 
concrete in cold weather which has been used 
in about 80 structures in northern Japan. 
The structures ranged from simple piers for 
wooden buildings to abutments and piers 
80 ft high. The system, employing a network 
of electrodes, is applicable to plain or rein- 
forced concrete. The cost of curing by this 
method varies from 7 to 10 percent for plain 
concrete to 10 to 15 percent for reinforced 
concrete. Effectiveness and efficiency would 
be improved by reliable automatic devices 
for controlling the current. 


WEDNESDAY, FEBRUARY 27 


Concurrent sessions will be held morning 
and afternoon in the Pavilion Caprice 


and Parlors A-D 
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9 a.m.—Pavilion Caprice — President 
Harry F. Thomson, chairman 


ULTIMATE LOAD DESIGN 


Introduction—Leo H. Corning, Portland Ce- 
ment Assn., Chicago, IIl., session leader 

Review of the historical background— 
from Talbot to present day. Discussion of 
codes in countries permitting design by 
ultimate load theories. 


Why Design by Ultimate Load Theories?— 
Boyd G. Anderson, Ammann and Whitney, 
New York, N. Y. 

Discusses following reasons for ultimate 
design: to bring the design of concrete mem- 
bers into one common rational basis; to make 
the factor of safety for all shapes the same; 
to rationalize the use of load factors so that 
different factors of safety can be assigned to 
different types of loading and different types 
of structures; to prevent uneconomical use of 
compressive reinforcement; to simplify de- 
sign procedure; to better predict performance 
of structures subject to long-duration im- 
pulsive loads; and to determine capacities of 
prestressed concrete members. 


Fundamental Concepts in Ultimate Load 
Design of Reinforced Concrete Members— 
Eivind Hognestad, University of Illinois, 
Urbana 

Traces development of design methods for 
reinforced concrete’ structural members 
through the three stages of an engineering 
science; empirical, scientific and mature. 
Discusses various ultimate design equations 
in relation to the three prevailing philosophies 
regarding mode of failure: same safety 
against all modes of failure, higher safety 
against less desirable modes of failure, and 
prohibiting undesirable modes of failure. 


Research on Ultimate Strength of Reinforced 
Concrete Members—C. P. Siess and Eivind 
Hognestad, University of Illinois, Urbana 

Concerned with tests to determine the 
manner of failure and ultimate strength of 
reinforced concrete structural members. Em- 
phasis will be placed on tests made in the 
United States, but foreign tests also will be 
mentioned. 








Available test data will be reviewed criti- 
cally, their scopes will be defined, their 
limitations or deficiencies will be pointed out, 
and at least by inference, the additional test 
data desired or required will be mentioned. 


Design of Sections by Ultimate Load Theories- 
Raymond C. Reese, Toledo, Ohio 

After a few comments on the fundamental 
philosophy of ultimate load design, a group- 
ing is made of those formulas which are 
needed for practical design (rectangular stress 
prism). Designs are carried out for slabs and 
beams and for columns with and without 
bending by the conventional and ultimate 
load design methods. Some comparisons are 
made of the results as regards amount of 
space occupied, time-sagging of members and 
cost of construction. Remarks are offered 
on the appropriateness of using elastic frame 
analysis in plastic theories, also discussion of 
the various ultimate stress prisms. 


Load Factors in Ultimate Design—T. Y. Lin, 
University of California, Berkeley 

Compares load factors in ultimate design 
and allowable stresses in conventional design. 
Considers the basis for the determination of 
load factors and makes tentative recommen- 
dations for their selection. 


9 a.m.—Parlors A-D—Past President 
Frank H. Jackson, chairman 


MATERIALS AND PROPERTIES 


Thermal Expansion of Aggregates and Con- 
crete Durability—Edwin J. Callan, Water- 
ways Experiment Station, Jackson, Miss. 
Describes methods developed to obtain 
simply the thermal coefficients of fine and 
aggregates. Concretes made of 
various aggregate combinations were tested 
in accelerated freezing and thawing, yielding 
durability factors, DFE, for each combination. 
Statistical analysis of the DFEs showed that 
durability of these concretes was reduced 
when the differential expansion of mortar 
and coarse aggregate increased. 
set up by differential expansion and effects 
on concrete durability are discussed briefly. 
Thermal effects should be considered in 
choosing aggregates for durable concrete. 


coarse 


Stresses 
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Effects of Temperature Changes on Concrete as 
Influenced by Aggregates—Delmar Bloem, 
Stanton Walker and W. G. Mullen, National 
Sand and Gravel Assn., Washington, D. C. 
Summarizes results of tests of concrete 
and mortar subjected to water and air rang- 
ing from 40-140 F with a varying rate of 
change in temperature. Changes in length, 
weight, dynamic modulus and _ flexural 
strength were measured on specimens con- 
taining several different fine and coarse 
aggregates having thermal coefficients of 
expansion ranging from relatively low to 
relatively high. Principal findings of the 
tests were: thermal coefficients of expansion 
of concrete and mortar containing different 
aggregates varied approximately in pro- 
portion to the thermal coefficient and quan- 
tity of aggregate in the mixture; an approxi- 
mation of the thermal coefficient of expansion 
of aggregate may be made from determina- 
tions of the thermal coefficients of concrete 
of varying proportions; changes in tempera- 
ture were destructive of the concrete with 
sudden changes being much more 
than slower ones; and concretes having higher 
coefficients of expansion were less resistant 


severe 


to temperature changes than concrete with 
lower coefficients, no relationship was found 
between resistance of concrete to temperature 
changes and differences between thermal co- 
efficients of aggregates and mortar. 


Calcium Chloride in Concrete—J. J. Shideler, 
Bureau of Reclamation, Denver, Colo. 

Gives results of studies of the effects of 
varying quantities of calcium chloride on the 
qualities of the resultant concrete. 


Fly Ash to Reduce Expansion of Cement- 
Aggregate Combinations—C. H. Scholer and 
Gerald K. Smith, Kansas State College, 
Manhattan, Kans. 

Describes laboratory tests of beam speci- 
mens, in which 20 to 30 percent of the cement 
was replaced with fly ash, subjected to two 
different accelerated exposures which showed 
excellent correlation with field service records. 
The fly-ash effectively inhibited cement- 
aggregate reaction in the concrete while im- 
parting better workability finishing 
properties. 


and 


Continued on p, 10 
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, The good performance of Masterbuilt iron armored concrete floors in two other 
Hinde & Dauch plants resulted in the company’s decision to install this modern 
industrial floor in the fine new plant shown above,located in Richmond, Va. 


d Many million square feet of Master Builders Masterplate Floors are in use 
in leading industries and giving excellent service. Their iron-concrete surface 
b gives them four to six times greater wear resistance than plain concrete floors 


t and makes them spark-safe, non-dusting, non-slip and easy to clean. Whether 
4 . non-colored or produced in one of the eleven attractive colors, Masterplate 
8. Floors are extremely economical. 


“2 MASTER « 


CLEVELAND 3, OHIO subsiciery © erican-Marietta Company TORONTO, ONTARIO 
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Continued from p. 8 


LUNCHEON 


12:15 p.m.—Hall of Mirrors—President 
Thomson presents ACI awards 


Report of Annual Election and Intro- 
duction of New Officers 


Recognition of Retiring Directors and 
Ficers 


Retiring President's Address 


2:30 p.m. — Pavilion Caprice — Vice- 
President Henry L. Kennedy, chairman 


DESIGN 


Field Practice in Lightweight Concrete—J. A. 
Murlin, George L. Dahl, Architects and En- 
gineers, and Cedric Willson, Texas Industries, 
Dallas, Texas 

Brief comparison between concrete made 
with expanded shale and clay aggregates 
and that made with other lightweight ma- 
terials and the usual heavier materials. 
Covers the design of lightweight structural 
concrete and their economy as 
compared to heavy concrete taking into 
account the cost differential between the two 
materials. A practical and simple method 
for the design and control of lightweight 


members 


structural concrete, both ready- and job- 
mixed, which has worked well in the field 
will be discussed. Other sections will deal 
with methods and comparative costs of mix- 
ing, placing and finishing; use of admix- 
tures; and the economy of using expanded 
clay or shale structural fill concrete as com- 
pared with other lightweight materials which 
are being specified: for this purpose. 


Herbert A. 
Connecticut, 


of Concrete Beams 


J., 


Economy 
Sawyer, 
Storrs 


University of 


Relationships and charts are presented 
from which may be readily determined the 
maximum 
economy of materials of a beam or slab with 
given span and loading. Whitney’s theory is 


cross-sectional dimensions for 
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used to express beam strength. The steel 
saving possibilities of economical dimension- 
ing are considered and found 
important. 


especially 


These optimum dimensions almost never 
correspond to balanced design, but depend on 
relative material costs, relative material 
strengths, relative length of beam reinforced 
for diagonal tension and relative importance 
of beam dead weight. 

Optimum dimensions for the Whitney 
theory also serve as a general guide for 
efficient design by the elastic theory. 


Developments in Reinforcing Steel and Con- 
cepts of Safety—F. Hajnal-Konyi, London, 
England 


Reports results of testing 38 beams to 
determine the efficiency of 17 different types 
of reinforcing bars. In addition to observa- 
tions of deflection and crack formation, 
strain measurements were taken on 11 beams 
which confirm the straight line distribution 
of the average strain, 7.e., the strain measured 
over cracks in the tensile zone. 

The tests demonstrated that working 
stresses on which present design is based do 
not give a satisfactory measure of safety. 
Calculation of the ultimate moments by 
Whitney’s method based on the actual 
strength of the materials agrees very well 
with the test results. 

In assessing test results three types of 
failure must be considered; sudden (or 
brittle), without warning; yielding, with a 
sudden increase of deformation on reaching 
the maximum load which can be maintained 
until the deformation is substantial; and 
gradual (or tough) with ample warning of 
the approaching danger, allowing an increase 
of load even at a stage where failure appears 
imminent. 


Analysis of Skewed Rigid Frames—James P. 
Michalos, Iowa State College, Ames 


A numerical procedure for the analysis of 
single-span skewed rigid frames and arches 
subjected, to loads or deformations in any 
direction. The structure may have any 
shape and any variation in cross section 
along its length. Several examples are 
included. 














2:30 p.m.—Parlors A-D—Past Presi- 
dent Robert F. Blanks, chairman 


CONSTRUCTION 


Applications of Vacuum Concrete—K. P. 


Billner, Vacuum Concrete Corp., Phila- 
delphia, Pa. 
Vacuum concrete processes were intro- 


duced in this country a number of years ago 
and their applications in building construc- 
tion have been reported in the ACI Journa.. 
During the last few years these processes 
have become known and adopted in many 
foreign countries, particularly in Europe, 
and this paper deals with these foreign de- 
velopments, singling out new 
methods in construction. 


ways and 


Concrete Temperaiure Control at Pine Flat 
Dam—S. D. Burks, Sacramento District, 
Corps of Engineers, Sacramento, Calif. 

Preconstruction. studies conducted for 
Pine Flat Dam—a concrete gravity structure 
440 ft high and containing 2,250,000 cu yd 
of concrete—indicated that the tendency 
for cracks to occur from temperature-induced 
volume changes could be minimized by the 
adoption of certain control measures. This 
paper briefly relates the studies made to 
predict temperature behavior, lists the broad 
requirements of the control program adopted, 
describes the methods adopted by the con- 
tractor in response to such requirements, 
and relates the on-the-job temperature ex- 
periences which attest to the success of the 
program for the first million cu yd of concrete 
placed in the dam. 


Small Building Construction—C. O. Christen- 
son, National Assn. of Home Builders, Wash- 
ington, D. C. 

Describes application of lightweight aggre- 
gates, manufacture and use of prefabricated 
building elements, and the control of concrete 
quality in small building work where the 
services of a concrete expert usually are not 
available. 


Insulation for Protection of New Concrete in 
Winter—L. H. Tuthill, R. E. Glover, C. H. 
Spencer and W. B. Bierce, Bureau of Recla- 
mation, Denver, Colo. (See November Jour- 
NAL for complete paper) 
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Recent investigations show that new con- 
crete with 1 percent calcium chloride, if kept 
from dropping below 50 F for 3 days, has 
sufficient protection from freezing. As an 
extra precaution, 3 more days protection 
from dropping below 32 F may be required. 
Since it is during the first 3 days that con- 
siderable heat is generated by the setting 
cement, it has been learned that insulation, 
within practicable limits, is capable of retain- 
ing enough of this heat to keep new concrete 
from dropping below these temperatures. 
This avoids construction of special en- 
closures, fuel costs, and danger of fire. 
Examples of field applications and tests of 
insulation are reported together with re- 
sultant concrete temperatures. 


Centriline Process of Pipe Lining—a movie 
prepared by Raymond Concrete Pile Co., 
New York, N. Y. 

Describes preparation of pipe for lining, 
installation and arrangement of lining ma- 
chinery, and the application of the mortar 
lining to the interior of the pipe. 


THURSDAY, FEBRUARY 28 


9:00 a.m.—Pavilion Caprice—Research 
—An open session of Committee 115, 
Research—S. J. Chamberlin, chair- 
man; George W. Washa, secretary 

A group of short papers on research tech- 
niques and preliminary results on fatigue 
test of concrete beams, weathering and freez- 
ing and thawing tests, impulsive loading, 
stress distribution, volumetric changes and 
other subjects. Papers not for publication or 
press release. 


12:15 p.m.—Harvey Whipple Lun- 
cheon 


2 p.m.—Pavilion Caprice—Panel dis- 
cussion—with emphasis on concrete 
problems on the small job. Past Pre- 
sident H. J. Gilkey, presiding 

Final selection of ‘panel members still to 
be made but will consist of those who can 
speak from first-hand experience on over- 
coming difficulties in the field. 
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HIGH AND LOW MATERIAL LEVEL 
INDICATORS 


iF IT’S 
PULVERIZED... 
4 
FULLER-KINYON 
SYSTEM 

CAN PIPE IT! 








FLEKIGLE DUST- TIGHT 
CONNECTION TO HOPPER CARS 








F-K System in a cement products plant handling cement 
and fly ash. Conveys from cars (P-1) to either process 
bins (B-1) or storage (B-2,) by use of valve (V-1) in the 
conveying line. Conveys (P-2) from storage to process. 





Safe - Simple - Clean - Economical 


For these reasons the Fuller-Kinyon System, pumping aerated, pulverized 
materials, is the best possible method of transporting such materials! 


Safe? A Fuller-Kinyon System has no hazardous moving parts. Ab- 
solute safety from explosion is assured. Simple? Flexibility of layout 
allows conveying pipe lines to be placed overhead, on simple hangers, or 
underground, to bins in any part of your plant. No bridges or monitors are 
needed, no changes in building layout or equipment. Clean? Material is 
always completely enclosed. There is no dust nuisance. Economical? 
Power consumption is low per ton of material handled. Maintenance costs 
are rock-bottom. 


If you want to cut down your material handling costs, get in touch with 
a Fuller engineer. He’ll study your layout and recommend the system that 
will best increase your handling efficiency. There is no obligation. 








Typical materials handled: FULLER COMPANY, Catasauqua, Pa. 
Chicago 3 - 120 S. LaSalle St. 
cement @ chalk © coke dust © dolomite ¢ flue dust ¢ . ‘ 
fly ash @ fuller’s earth @ graphite ¢ gypsum ¢ kaolin « San Francisco 4 + 420 Chancery Bldg. 
lime @ pulverized coal ¢ rock dust 








uller. 
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ACI Plans Participation in U.S. Centennial of Engineering 


The American Concrete Institute is planning to make its 1952 fall regional 
meeting a cooperative effort with the convocation of engineers to be held in 
Chicago, September 3-13, 1952, as a part of the U. S. Centennial of Engi- 
neering. 

Arrangements for a technical program under the joint sponsorship of ACI 
and ASCE for sessions on September 11 and 12 are being handled by a tech- 
nical program committee consisting of C. E. Wuerpel, chairman, A. E. Cum- 
mings, L. H. Corning, M. J. Holley, Jr., H. F. Thomson, ex-officio. 

Arrangements for other than the technical activities are being handled 
by a committee under the chairmanship of H. C. Delzell. 

As representatives of ACI, Messrs. Delzell and Wuerpel are members of 
the Centennial of Engineering General Arrangements Coordinating Com- 
mittee and Technical Program Coordinating Committee, respectively. 

Subsequent issues of the JourNAL will carry more detailed information 
regarding both the general arrangements and the technical program. It is 
not too early to plan to attend the ‘‘Centennial’’ which will be one of the 
outstanding engineering convocations of the century. At the latest report, 
36 national and international engineering societies had indicated an intention 
to participate. 





Proposed Changes in ACI Bylaws 


Notice is hereby given to the membership of the American Concrete Institute 
that at the 48th Annual Convention, Cincinnati, Ohio, February 26-28, 1952, 
consideration will be given to a petition for Bylaws amendments. 

Changes proposed in Article I clarify the definitions of membership grades 
and outline in more detail the method of electing Honorary Members. 

Changes proposed in Article II list officers and define the Board of Di- 
rection. They also remove the Secretary-Treasurer from the Board of Direc- 
tion and eliminate the requirement that he be appointed annually. 

Other changes proposed are editorial. 


A Petition 


The undersigned members of the American Concrete Institute 
hereby petition the Board of Direction to submit to the mem- 
bership for adoption, in accordance with Article VI of the By- 
laws, the following proposed changes in the Bylaws (the left- 
hand column repeats the present wording of the Bylaws; the 
right-hand column the proposed rewording or change): 
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ARTICLE I—MEMBERS 


PRESENT 
This Institute shall consist of Members, 
Corporation Members, Contributing Members, Junior 
Members, Student Members and Honorary Members 
interested in furthering the Institute’s objects as set 
forth in its Charter. 

Sec. 2. A Member shall be an individual. 

A Corporation Member shall be a firm, corporation, 
society, agency of government or other organization. 
A Corporation Member shall name one individual as 
its representative who will enjoy all membership 
rights and privileges. 

A Contributing Member shall be an individual, firm, 
corporation, society, agency of government or other 
organization wishing to give larger support to In- 
stitute activities through the payment of larger dues. 
Contributing Members, other than individuals, shall 
name representatives as do Corporation Members. 

A Junior Member shall be a person less than 28 
years old. 

A Student Member shall be less than 28 years old 
and a student in residence at a recognized technical 
or engineering school. 

An Honorary Member shall be a person of eminence 
in the field of the Institute’s interest, or one who has 
performed extraordinarily meritorious service to the 
Institute. 


Section 1. 


Sec. 3. All classes of Members, except Honorary 
Members and Student Members, shall be proposed 
by at least one Member of the Institute and elected 
by a two-thirds vote of the Board of Direction. An 
Honorary Member shall be elected by unanimous 
vote of the Board of Direction. A Student Member 
shall be proposed by a member of his school’s faculty, 
who need not be a member of the Institute, and 
elected by a two-thirds vote of the Board of Direction. 


Sec. 4. All members shall have all rights and 
privileges of membership as determined by the Board 
of Direction except that a Junior or Student Member 
shall not vote nor hold office. The status of a Student 
Member shall change automatically to that of Junior 
Member on the first anniversary of his membership 
succeeding the date on which he ceases to be a student 
in residence. The status of a Junior Member shall 
be changed to that of Member on the first anniversary 
of his membership after he becomes 28 years of age. 

Sec. &. Applications for and resignations from 
membership and requests for change of representatives 
of Corporation or Contributing Memberships shall be 





PROPOSED 
Section 1. This Institute shall consist of Honorary 
Members, Corporation Members, Contributing Mem- 
bers, Members, Junior Members and Student Mem- 
bers. 


Sec. 2. An Honorary Member shall be a person of 
eminence in the field of the Institute’s interest, or one 
who has performed extraordinarily meritorious service 
to the Institute. He shall have the same rights and 
privileges as a Member, but shall not be subject to 
dues. 

The total number of Honorary Members of the In- 
stitute and the maximum number to be elected in any 
one year shall be at the discretion of the Board of 
Direction. 

The Committee on Honorary Membership shall 
consist of the three Past President members of the 
Board of Direction. The chairmanship of this com- 
mittee shall be vested each year in that person be- 
ginning his third-year term as a Past President member 
of the Board. This group shal] serve as a screening 
committee for the formulation of recommendations to 
the Board. If one or more members of the regularly 
constituted committee on Honorary Membership is 
deceased or inactive, the President shall appoint to 
each vacancy some regular member of the Board of 
Direction to serve through the period of shortage, 
the Senior Past President non-appointed member of 
the committee functioning as its chairman. 

The Committee on Honorary Membership is ex- 
pected to be continuously alert for deserving prospects 
and open to considered suggestions from all sources. 
It shall submit a formal report to the President of the 
Institute each year at least thirty days prior to the 
Fall meeting of the Board. The annual report is 
mandatory even though there be no recommendations: 

Sec. 3. A Member shall be an individual. 

A Corporation Member shall be a firm, corporation, 
society, agency of government or other organization. 

A Contributing Member shall be an individual, 
firm, corporation, society, agency of government or 
other organization electing to give greater support to 
Institute activities through the payment of larger 
dues. Any Contributing or Corporation Member, 
other than an individual, may name a personal repre- 
sentative who shall enjoy all membership rights and 
privileges. 

A Junior Member shall be a person less than 28 
years of age. 

A Student Member shall be less than 28 years of 
age and a registered student at a recognized technical 
or engineering school. 

Sec. 4. All classes of Members, except Honorary 
Members and Student Members, shall be sponsored 
by at least one Member of the Institute. An Honorary 
Member shall be elected by unanimous vote of the 
Board of Direction. A Student Member shall be 
sponsored either by a Member of the Institute or by a 
member of his school’s taculty, who need not be a 
Member of the Institute. 





Sec. 5. All Members shall have all rights and 
privileges of membership as determined by the Board 
of Direction except that a Junior or Student Member 
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presented in writing to the Secretary-Treasurer. 
Resignations may be accepted only from members 
whose dues are not more than 60 days in arrears, 
except by special action of the Board of Direction. 
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shall neither vote nor hold office. The status of a 
Student Member shall change automatically to that of 
Junior Member on the first anniversary of his mem- 
bership succeeding the date on which he ceases to be a 
registered student. The status of a Junior Member 
shall be changed to that of Member on the first anni- 
versary of his membership after he becomes 28 years 
of age. 

Sec. 6. Applications for and resignations from 
membership and requests for change of representatives 
of Corporation or Contributing Members shall be 
presented in writing to the Secretary-Treasurer. 
Resignations may be accepted only from Members 
whose dues are not more than 60 days in arrears, 
except by special action of the Board of Direction. 


ARTICLE II—OFFICERS 


Section 1. The officers shall be a President, two 
Vice-Presidents, twelve Directors, and the Secretary- 
Treasurer, who with the three latest, living Past 
Presidents who continue to be Members, shall con- 
stitute the Board of Direction. 


Sec. 2. The President, Vice-Presidents, Directors, 
and five members of a Committee on Nominations 
shall be elected by letter ballot of the Institute mem- 
bership. The Secretary-Treasurer shall be appointed 
annually by the Board of Direction. 

Sec. 3. Before September 1 of each year the Com- 
mittee on Nominations shall report to the Secretary- 
Treasurer of the Institute the candidates néminated 
for offices to become vacant at the next annual con- 
vention and twenty candidates for membership on the 
Committee on Nominations which is to serve in the 
following year. In the selection of candidates for 
Directors, the Committee on Nominations shall have 
due regard for diversity of professional and geographi- 
eal representation. Each candidate for Board mem- 
bership must have given consent to his nomination 
before the report is published. The Secretary-Treas- 
urer shall cause notice of all such nominations to be 
transmitted to the membership of the Institute at 
least 120 days prior to the next ensuing annual con- 
vention. Upon petition to the Board of Direction 
signed by at least ten members of the Institute, addi- 
tional nominations for offices or for membership on 
the Committee on Nominations may be made within 
30 days thereafter. ° 

The complete list of nominations shall be submitted 
60 days before the next convention to the Institute 
membership for letter ballot to be canvassed at 5 p.m. 
on the first day of the convention and the result 
announced at a session of the convention on the second 
day. The candidate for any office receiving the most 
votes shall be declared elected and the candidate re- 
ceiving the most votes for membership on the Com- 
mittee on Nominations shall be chairman of that 
committee; the four next highest shall be declared 
elected members of the committee. With these five 
the three past-president members of the Board of 
Direction shall serve, making a total membership of 
eight. 

Should any member of the Committee on Nomina- 
tions thus chosen fail, within fifteen days of formal 
notice from the Secretary-Treasurer, to make written 


Section 1. The officers shall be a President, two 
Vice-Presidents, twelve Directors, the three latest 
living Past Presidents who continue to be Members 
of the Institute, and the Secretary-Treasurer. The 
President, the Vice-Presidents and the Directors shall 
be elected from the Institute membership. The 
Secretary-Treasurer shall be appointed by the Board 
of Direction. 

Sec. 2. The President, Vice-Presidents, Directors 
and the three latest living Past Presidents who con- 
tinue to be Members, shall constitute the Board of Di- 
rection. 


Sec. 3. Change last sentence paragraph 1 to read 
as follows, “By petition to the Board of Direction 
signed by at least ten Members of the Institute, with- 
in 30 days thereafter, additional nominations for 
offices or for membership on the Committee on Nomi- 
nations may be made.” 

First sentence paragraph 2 insert “annual” before 
“convention.” 
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acceptance of service, a vacancy shall occur to be 
filled by the candidate receiving the next greatest 
number of votes and so on until the five elected places 
on the committee shall be filled. 

Sec. 4. Terms of office shall be as follows: President, 
one year; Secretary-Treasurer, one year; Vice-President, 
two years, with one Vice-President elected alternate 
years; Directors, three years, with four Directors 
elected each year. A year is here construed as the 
period between the reports of tellers on canvass of 
ballots for Board members at two successive annual 
conventions. 

Sec. 5. 
than one re-election to the same office until the lapse 
of at least one term. Vice-Presidents and Directors 
shall be ineligible for re-election to the same office 
until the lapse of at least one year. 


The President shall be ineligible for more 


* * * 


Sec. 9. In the event of disability or neglect in the 
performance of his duty of any officer of the Institute, 
the Board of Direction shall declare the office vacant. 


Sec. 10. The Board of Direction shall have general 
supervision of the affairs of the Institute. At a meet- 
ing held in the week of the annual convention it shall 
appoint a Secretary-Treasurer for a term of one year. 
It shall authorize and appoint the chairmen of such 
administrative and technical committees and assign 
to them such duties and such authority as it deems 
needful to carry on the work of the Institute. Addi- 
tional committee members shall be appointed by the 
President. 

Sec. 11. There shall be an Executive Committee of 
the Board of Direction consisting of the President; 
Secretary-Treasurer, and three of its 
pointed by the Board of Direction. 


members ap- 
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Sec. 4. Line 3 insert ‘‘in” to read “elected in alter- 


nate” etc. 


Sec. 5. Delete ‘‘more than one”’ from first line. 
* * * 
Sec. 9. In the event of disability of any officer of the 


Institute, or neglect in the performance of the duties 
of the office, the Board of Direction shall declare the 
office vacant. 

Sec. 10. Delete second sentence. 


Sec. t1. Delete ‘“Secretary-Treasurer.’ 


ARTICLE III—MEETINGS 


* * * 


Section 2. The Board of Direction shall meet at 
least twice each year, the time and place fixed by the 
Board. 


* * * 


Sec. 2. Insert “‘at’’ to read ‘‘each year ai the’’ etc. 


ARTICLE VI—TAMENDMENTS 


Section 1. Proposed amendments to these Bylaws, 
signed by at least fifteen Members, if presented in 
writing to the Board of Direction ninety days before 
the annual convention, shall be mailed to the member- 
ship at least thirty days prior to the annual convention. 
These amendments may be discussed and amended 
at the annual convention and be passed to letter 
ballot by a two-thirds vote of those present. Two- 
thirds of the votes cast by letter ballot canvassed 
within ninety cays thereafter shall be necessary for 
their adoption. 





substitute “after mailing 


’ 


Section 1. ‘Last 
ballot forms” for ‘‘thereufier.’ 


sentence, 


Signed by: 
Robert F. Blanks 
A. E. Cummings 
Harmer E. Davis 
Herbert J. Gilkey 
A. T. Goldbeck 
Frank H. Jackson 


G. L. Lindsay 

I. E. Morris 

Nathan M. Newmark 
Walter H. Price 

R. W. Spencer 

I. L. Tyler 

Harvey Whipple 
Charles E. Wuerpel 


Henry L. Kennedy 
Frank Kerekes 
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MEMORIAL* 
FRANK ERWIN RICHART 


Frank Erwin Richart, who died on July 16, 1951, contributed greatly to the estab- 
lishment of the American Concrete Institute as a recognized source of authoritative 
information on concrete in all its phases and for all of its uses. He served the Institute 
in many ways and in many capacities including that of President. He leaves behind 
him a host of friends and an enviable record of professional accomplishment. 

Frank Richart was born in Lena, Illinois, on May 11, 1892. After the usual prepara- 
tory work he entered the Engineering College of the University of Illinois, from which 
he received the degree of Bachelor of Science in 1914, that of Master of Science in 1915 
and the Degree of Civil Engineer in 1922. He joined the faculty of his alma mater in 
1916 in the Department of Theoretical and Applied Mechanics where he continued 
until his death, since 1931 having the title Research Professor of Engineering Materials. 
He early became recognized as one of the outstanding writers on structural materials, 
particularly in the field of concrete and reinforced concrete. He was an author of many 
technical papers published by the University and by national engineering organizations. 

No brief statement can do justice to Frank Richart’s achievements nor to the deep 
friendships which he inspired. His numerous contributions to the work of the American 
Concrete Institute represented only one of the many outlets for his abilities. 

He became a member of the American Concrete Institute in 1917 and his first re- 
corded formal contribution to*the work of the Institute was made in 1921 when he 
presented a paper dealing with the tests of a flat slab floor. He served for many years 
on numerous technical committees and most of the several administrative committees 
of the Institute. He was a member of the Board of Direction from 1934 to 1936, Vice- 
President in 1937 and 1938 and President in 1939. He was Wason Medalist in 1938, 
and in 1950 he was the first recipient of the Alfred E. Lindau Award for “outstanding 
contributions to reinforced concrete design practice.”” He was elected honorary member 
in 1951. 

In addition to his membership in the American Concrete Institute he was active 
in a number of other technical organizations. He served on the Executive Committee, 
on the Board of Directors and as Vice-President of the American Society for Testing 
Materials, declining nomination for the Presidency in 1951 because of ill health. He 
was an honorary member of that Society. He was prominent in its Committee work 
and served as Chairman of its Committee C-9 on Concrete and Concrete Aggregates. 
He was active in the American Society of Civil Engineers and was one of its repre- 
sentatives on the Joint Committee on Standard Specifications for Concrete and Rein- 
forced Concrete. He was Illinois Faculty representative on the Intercollegiate Con- 
ference (Big Ten), a Director of the University of Illinois Athletic Association, member 
of Tau Beta Pi, Sigma Xi, Phi Kappa Phi and of many other engineering organizations. 

While the American Concrete Institute knew Frank Richart as a warm personality 
and close friend who had contributed much to the technology of concrete and concrete 
aggregates, it was not unaware of his high attainments in his chosen field of education. 
He was a teacher of great ability as can be attested by numerous engineers through- 
out the world who received training under him. 

BE IT THEREFORE RESOLVED: That this memorial to the life and services 
of Frank Erwin Richart be sent to his family with an expression of the sincere sympathy 
of the members of the American Concrete Institute; that it be sent to the President 
of the American Concrete Institute; and that it be duly spread upon the Minutes of 
the Institute’s Board of Direction. ; 


*Adopted by the Board of Direction, October 29, 1951. 
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E. J. Critzas 

E. J. Critzas, vice-president and construc- 
tion engineer, Borsari Tank Corporation of 
America, New York, N. Y., and St. Louis, 
Mo., presents “Field Experiences in Building 
Multiple Story Reinforced Concrete Tanks,” 
p. 365. 

Mr. Critzas has been employed by the 
Borsari Tank Corporation of America since 
1935, his duties including direct field super- 
vision of construction of reinforced concrete 
tank buildings. He also conducted extensive 
research in prestressed concrete for two years 
under the direction of the late Herman 
Schorer. 

Prior to joining the staff of the Borsari 
Tank Corporation, he designed and super- 
vised reinforced concrete 
structures in Athens, Greece, and in the 
New York City area. 

Receiving a BS degree from Columbia 
University in 1917 and civil engineering de- 
gree in 1919, Mr. Critzas became assistant 
instructor at Columbia University. From 
1942-1945 he lectured on graphic statics 
and strength of materials at University 
College, Washington University, St. Louis, 
Mo. 

Mr. Critzas is an associate member of 
ASCE and has been an ACI member since 
1942. 


construction of 


O. W. Irwin 

O. W. Irwin, president, Rail Steel Bar 
Association, Chicago, Ill., discusses ‘Con- 
servation of Steel by Design,” ‘p. 373. 

A civil engineering graduate of the Case 
School of Applied Science, from 1906-1911 
Mr. Irwin worked in the bridge and building 
department of the L.S. & M.S. Ry., Cleve- 
land, Ohio. During this time he was re- 
sponsible for the design of all bridges of the 
Ashtabula-Youngstown low grade and super- 
vised the planning of the ore handling plant 
at Ashtabula, freight and 
many main line bridge renewals and grade 
crossing eliminations. From 1911-1917, he 
was chief draftsman, Truscon Steel Co., 
Detroit, Mich., and Youngstown, Ohio, 


several houses 


supervising the designing, estimating and 
detailing of hundreds of reinforced concrete 
structures. 

Mr. Irwin is a life member of ASCE and 
has been affiliated with ACI since 1916. 


David F. Stout and Robert E. Wilde 

David F. Stout and Robert E. Wilde are 
the co-authors of “Automatic Jacks Speed 
Sliding-Form Construction,” p. 381. 

David F. Stout is superintendent of the 
Jack Construction Co., Sylvania, Ohio. 

In 1940 he entered military service and 
served five years in the European and Pacific 
theaters. After separation from the U. S. 
Army, he worked for several contractors 
learning the business and nature of concrete 
construction after 214 years as field 
superintendent for the Farmers 


and 
Missouri 
Assn., Columbia, Mo., Mr. Stout joined the 
Jack Construction Co. as a steel foreman, 
working in Illinois, Kansas, Colorado, Ne- 
braska and Wisconsin. Presently, he is super- 
intendent of a project near Ottawa Lake, 
Mich. 

Robert E. Wilde is associate editor, Rock 
Products, Chicago, Ill. <A civil engineering 
graduate of Iowa State College, March 1949, 
Mr. Wilde was associate editor of JouRNAL 
OF THE AMERICAN CONCRETE INSTITUTE from 
April 1949 to August 1951. 

Mr. Wilde served with the U. 8. Army 
Air Forces for over three years and presently 
is an officer in the Corps of Engineers, U. S. 
Army Reserve. 

A member of ACI, he is also affiliated with 
ASCE and Sigma Delta Chi (professional 
journalism fraternity). 


Harry W. Easterly, Jr. 

“Shrinkage and Curing in Concrete Ma- 
sonry Units,” p. 393, introduces Harry W. 
Easterly, Jr., executive vice-president, Con- 
crete Pipe and Products Co., Inc., Richmond, 
Va. . 

Receiving: a BS in civil engineering from 
the Virginia Military Institute, Mr. Easterly 
joined the Concrete Pipe and Products Co., 
Inc., in 1947. 
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During World War II, he served for three 
years as an officer in the U. 8S. Marine Corps. 

A member of ASTM Committees C-13 
and C-15 and ACI Committee 716, Mr. 
Easterly is a junior member of ASCE and 
has been affiliated with ACI since 1948. 


Robert B. B. Moorman 

“Equivalent Load Method for Analyzing 
Prestressed Concrete Structures,” p. 405, 
is contributed by Robert B. B. Moorman, 
professor of civil engineering, University of 
Missouri, Columbia, Mo. 

Receiving a BS degree from the Uni- 
versity of Illinois in 1929 and a MS degree 
in civil engineering in 1931, Dr. Moorman 
obtained his PhD in structural engineering 
from Iowa State College in 1937. 

In 1931 he began his career at the Uni- 
versity of Illinois as a special research assist- 
ant in theoretical and applied mechanics. 
From 1932-1935 he was professor of civil 
engineering at the University of Mississippi. 
In 1935 he joined the faculty of the Uni- 
versity of Missouri where he has been since 
with the exception of three years during 
World War II when he was structures con- 
sultant with Goodyear Aircraft Corp.; later 
he was bridge engineer on an expressway 
with Consoer, Townsend and Associates, 
and then engineer on guided missiles at 
Johns Hopkins University Applied Physics 
Laboratory. 

Concurrent with his teaching he has been 
associated with local architects on various 


projects, one of which was the structural 
design of a monolithic concrete armory, 
and at various times he has been associated 
with Sverdrup & Parcel, consulting engi- 
neers, St. Louis, Mo., on structural design 
and applied mechanics. During the summer 
months he worked on preliminary design 
with Boeing Aircraft Co., Seattle, Wash., and 
on structural design of concrete buildings 
and steel floating dry docks for the Navy 
Department Bureau of Yards and Docks. 

A member of ACI since 1937, Dr. Moor- 
man is also affiliated with ASCE, ASEE, 
International Association for Bridge and 
Structural Engineering, Sigma Xi, Tau 
Beta Pi, Sigma Tau and Chi Epsilon. 


A. W. Brust 


A. W. Brust, associate professor of civil 
engineering, Washington University, St. 
Louis, Mo., is the author of “Why Small 
Jobs Frequently Get Poor Concrete,” p. 417. 

A civil engineering graduate of the Uni- 
versity of Nebraska, Professor Brust joined 
the staff of Washington University in 1924 
and has been in charge of plain concrete and 
materials of engineering since 1933. 

He is a consultant to several St. Louis 
ready-mix plants and in 1941 was concrete 
engineer of the St. Louis Ordnance Plant. 
During the summer of 1950, he was field 
engineer for PCA. 

Professor Brust has been an ACI member 
since 1950. 





Membership. certificates 


Repeated but infrequent requests for membership certificates indicate that enough members 


may want them to warrant having them made. 


At its fall meeting, the Board of Direction 


authorized the Secretary to determine through this notice whether or not the Institute would 
be justified in going to the expense of having the necessary work done. 

It is estimated that certificates suitable for framing can be furnished ACI Members at a 
cost of not over $3.50. Those interested are requested to clip the attached coupon and mail 
it to Institute headquarters. Please do not send money until billed. If there are not enough 
interested, the Institute would not be justified in supplying certificates to a few at a loss. 


American Concrete Institute 
18263 W. McNichols Road 
Detroit 19, Mich. 





Gentlemen: Please place an order for one membership certificate to be furnished pro- | 
vided enough members buy them to make it worthwhile at a cost not to 


exceed $3.50. 





The Eighth of a Series in the interest of more efficient use of steel . . 


Producers of 
Construction Steel 
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a vital American resource 
ae — 


USE PROPER STEEL STRESSES AND SPECIFY 
LACLEDE MULTI-RIB REINFORCING BARS 


Concrete reinforcing steel design stresses of 20000 psi (f,) 
are based upon old type plain bars with 40000 psi maxi- 
mum yield strength... A safety factor of 2 at the elastic 
limit. 

Laclede Multi-Rib Reinforcing Bars designed for high 
anchorage* are produced in steel grades with more than 
60000 psi yield strength. Retaining the elastic limit safety 
factor of 2, a design stress with Multi-Rib high strength 
reinforcing of 30000 psi is justified. 


Sound engineering design dictates efficient use of ma- 
terials ... so why waste every third bar? 
e 
*IN EXCESS OF ASTM A305 REQUIREMENTS AND 
THE LATEST A.C.1. RECOMMENDATIONS. 


LACLEDE STEEL COMPANY 


St. Louis, Mo. 














NEWS LETTER 
West Coast Conferences 
on 


Practical Concrete Problems 
By Lee J. Rothgery* 


Four very successful conferences on practical concrete problems have been 
held in California during the past year. 

The first of these conferences was held in San Francisco, May 4, 1951, 
under the joint auspices of the University of California Engineering Ex- 
tension Division, PCA Information Bureau, AGC and the west coast member- 
ship of ACI. Nearly 300 attended, most of them bristling with questions. 
Because questions and answers were not to be published, problems of a 
controversial nature were discussed. To lead the discussion, E. L. Howard, 
J. E. Jellick and J. W. Kelly were among the capable panel of men repre- 
senting a cross section of the concrete industry of the San Francisco area. 

The reactions of those who attended the conference were unquestionably 
favorable. They were very much interested and actively so. There was 
evidence that the conference filled a definite need and there were indications 
of a desire for more sessions of this kind. 

Apparently interest in this type of conference was not limited to the San 
Francisco area. On June 22, the Fresno area arranged a conference which 
had an attendance of 200. Professor Kelly and Messrs. Jellick and Howard, 
with the experience gained at San Francisco, served again on the panel at 
Fresno. The engineers, architects and contractors associations, Cement 
Finishers’ Union, Builders’ Exchange, transit mix groups and the PCA In- 
formation Bureau cooperated with the University of California Engineering 

“xtension Division in presenting this conference. 

With the success of these conferences in northern California, the Univer- 
sity of California Engineering Extension Division sounded out the sentiment 
for similar sessions in the southern part of the state. The response was most 
encouraging and conferences were arranged at San Diego on October 25 and 
at Los Angeles on October 26. In arranging these meetings, the Extension 
Division had the cooperation of PCA, AGA, the concrete industries and the 

ocal membership of ACI. 

Interest in these southern conferences was evidenced by the attendance. 
In San Diego 140 were present in spite of the competition of another im- 
portant engineering meeting while 400 attended at Los Angeles. 

The idea of the “practical problems” type of conference is highly recom- 
mended for other sections of the country.‘ Other regional groups of ACI 
who are looking for educational activities would find such sessions popular. 


*Associate Engineer, Institute of Transportation and Traffic Engineering, Univ. of Calif., Berkeley, Calif. 
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Positions and Projects — ACI Members 





Magnel pays tribute to Freyssinet 

In the inaugural address of the Interna- 
tional Congress of Prestressed Concrete, 
Ghent, Belgium, Prof. Gustave Magnel 
paid tribute to Eugene Freyssinet. 

He cited the history of the advancements 
made in reinforced concrete and the im- 
portant influence that Mr. Freyssinet had on 
modern construction practice. 

Concluding his talk, Professor Magnel 
presented Mr. Freyssinet with a certificate 
and medal as tokens of honorary membership 
in A.I.G. 


Munford appointed vice-president 
Russell P. Mumford has been appointed 
vice-president and general manager of The 
Beckley and Meyers Co., concrete products 
manufacturers, Springfield, Ohio. 


Instituto Tecnico de la Construccion y 
del Cemento 

The Instituto Tecnico de la Construccion y 
del Cemento, Madrid, Spain, under the di- 
rection of E. Torroja, covers research into 
all aspects of building, civil engineering, and 
conducts specialized research into the manu- 
facture and uses of cement. 

The Institute is making a number of prac- 
tical tests on new methods of construction 
and new materials and devotes much time to 
fundamental research on the theory of 
elasticity, new mathematical techniques of 
calculation, etc. 

An important side of the work of this 
organization is the collection of up-to-date 
information on all matters related to con- 
struction, and of making this data available. 
In addition to reports of latest developments, 
the Institute monthly magazine 
providing general and specialized informa- 
tion on building and architecture, and a series 
of monographs 


issues a 


dealing with 
aspects of research. 

To stimulate original thought and dis- 
cover the best possible solution to construc- 
tion problems, the Institute organizes a 
number of national and international com- 
petitions, one of which is an award for the 
design of inexpensive dwellings. 


particular 


Clair honored 

At the recent 60th anniversary of the 
Drexel Institute of Technology, Miles N. 
Clair, 1921 graduate of DIT, was awarded 
a citation for civic leadership, for studies at 
the Logan International Airport, Boston, and 
for advancing the technology of concrete 
construction. 

Mr. Clair is president of Thompson and 
Lichtner Co., Inc., Brookline, Mass., and 
has been affiliated with ACI since 1925. 


ASA announces meeting plans 

The Third National Standardization Con- 
ference, sponsored by the American Stand- 
ards Assn., will be held in conjunction with 
the Centennial of Engineering in Chicago, 
September 8-10, 1952. The three-day series 
of meetings, emphasizing the role of stand- 
ards in the many technological advances 
during the past century, will take place at 
the Museum of Science and Industry. 


ITTE plans highway conference in Los 
Angeles 

The Institute of Transportation and Traffic 
Engineering and the University Extension, 
University of California, are planning the 
Fourth Annual California Street and High- 
way Conference to be held at the UCLA 
campus, February 6-8, 1952. 

Accommodations are being arranged at the 
Hollywood Roosevelt Hotel with special 
busses to and from the University campus. 


ASTM committees meet 

Through arrangements made by Prof. K. B. 
Woods, chairman of ASTM Committee C-9, 
the Purdue University campus was the scene 
of the combined 1951 fall meetings of ASTM 
Committees C-1 on Cement and C-9 on Con- 
crete and Concrete Aggregates. 

Both committees are planning to meet 
during ASTM Committee Week in Cleveland, 
Ohio, March 3-7, 1952, and at the 50th 
Anniversary Annual Meeting in New York, 
N. Y., June 23-27, 1952, at which time a 
symposium on factors affecting durability 
of concrete will be sponsored by Committee- 
C-9. 
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Georgia Institute of Technology short 
course 

The Georgia Institute of Technology’s 
second annual quality concrete short course 
will be held February 4-6, 1952, in Atlanta, 
Ga. Intended to bring members of the con- 
struction industry up to date on the design 
and control of concrete mixtures, placing, 
forms, and curing, the course offers actual 
laboratory participation and comprehensive 
instruction from representatives of qualified 
organizations. 

Cooperating associations for the short 
course are: ACPA, Atlanta section of ATA, 
Georgia section of ASCE, Georgia section of 
AGC, Georgia Engineering Society, Georgia 
Society of Professional Engineers, NRMCA, 
PCA, Atlanta Post of the Society of American 
Military Engineers, Georgia Concrete Pipe 
Mfg. Assn., and NCMA. 

Inquiries regarding registration should be 
addressed to R. E. Eskew, acting coordinator, 
Short Courses and Conferences, Engineering 
Extension Div., Georgia Institute of Tech- 
nology, Atlanta, Ga. 


FOR 


Typical example of spalling. Note 
corrosion of reinforcing rods exposed 


by disintegrating concrete. 








Reinforced with meshing, the area is 
restored with gun-applied RESTO- 
CRETE* by Western Waterproofing Co. 


NEWS 





LETTER 


Edward J. Nunan 

Edward J. Nunan has been appointed ma- 
terials engineer and sales manager for the 
New York area of Buffalo Slag Co., Ince., 
Federal Crushed Stone Corp., and Hornell 
Gravel Corp., Buffalo, N. Y. 


Zollman accepts new position 

Charles C. Zollman recently became 
associated with Vacuum Concrete, Inc., 
Philadelphia, Pa., as chief engineer. For- 
merly he held the same position with Pre- 
stressed Concrete Corp., Kansas City, Mo. 


Se ere eee 
Victor A. Malmberg 


Victor A. Malmberg, ACI member since 
1942, died recently at Veterans Hospital, 
St. Cloud, Minn. 

Mr. Malmberg was a civil engineering 
graduate of the University of Minnesota in 
1920. A registered civil engineer in Minne- 
sota, he was employed by the U. 8. Engineers 
in St. Paul, Minn., for a number of years. 


Lasting CONCRETE RESTORATION 
Specify GUN-APPLIED 


RESTO-CRETE* 


by WESTERN WATERPROOFING CO. 


Sound engineering methods, finest materials, trained 
technicians and over 35 years’ experience assure the 
job will be done right when you specify Western. 
All work done under contract, fully insured, per- 
formance guaranteed. 


*T. M. Reg. 


@ Protection from Water Damage 
(above or below ground, interior or exterior) 


®@ Building Restoration @ Tuckpointing 


NO MATERIALS FOR SALE @ NATIONWIDE SERVICE 
for specific data, wriie: 


ATERPROOFING CO. 
y 


Engineers and Contractors 


1223 Syndicate Trust Bldg. © St. Lovis 1, Mo. 
Branch Offices and Resident Engineers in Principal Cities 
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Neu Members 


The Board of Direction approved 60 new 
member applicants for November—36_In- 
dividual, 1 Corporation, 17 Junior and 6 
Student. With adjustments made for a few 
losses from resignations, deaths and nonpay- 
ment of dues, the membership total became 
5448 on December 1, 1951. 


Individual 


Breser, Harry, Los Angeles, Calif. 
Proj. Engr., The Austin Co.) 

Butter, Gorpon H., Duluth, Minn. 
Polaris Concrete Products Co.) 





(Struct. Design: 


(Owner, Pres., 


CasHpan, DAnrEL Micuaet, Bronx, N. Y. (Struct. 
Design, Brown-Guenther-Booss) 
Ciaus, Roger Joun, Lansing, Mich. (Instructor, 


Mich. State College) 


Covatt, W. L., Kokomo, Ind. (Pres., Genl. Mer., 
Kokomo Ready Mixed Concrete Corp.) 
De.souis, ALFREDO LEoN, Mexico D. F., Mexico 


(Concrete Supt., Ingenieros Civiles Asociados S. A. 
de C. V. Contracting & C spaires ting Co.) 

DeSrmone, SAtvatore V., New York, N. Y. 
Design, Brown- Guenther- Booss) 

DucHarME, JEAN Marc, Needham, Mass. (Pres., Chf. 
Engr., Crandall Dry Dock Engrs., Inc.) 

Emmons, WALTER F., Norris, Tenn. (Super., TVA) 

ENGLE, WARD W., Knoxville, Tenn. (Civil Design Engr., 
TVA) 

FrucHER, Prerre, New York, N. Y. 
Guenther-Booss) 

Gaus, Frank D., Long Beach, Calif. 
Dewey & Almy Chem. Co.) 

Granpos 8., Enrique D1Az, Barranquilla, Colombia, 
(Struct. Engr.) 

GRANTHEM, KENNETH N., 
St., Univ. of Calif.) 

Hamrick, Samvet J., Terre Haute, Ind. (Genl. Craft 
Supt., The Girdler Corp.) 

HepMan, AAKE F., Chattanooga, Tenn. (Cons. Engr.) 

Howe, Lyatut F., Toorak, Vic., Australia (Asst. Proj- 
ect Officer, Dept. of Works & Housing) 

Jamin, 8. C., Riverdale, Md. (Head of Design Sect., 
Washington Dist. Office, Corps of Engrs.) 

JeweE.i, K. Austin, Evanston, Ill. (Hydraulic Design 
Engr., Koppers Co.) 


(Struct. 


(Design, Brown- 


(Salesman, 


Calif. (Grad. 


San Francisco, 


Jones, RaymMonp M., Washington, D. C. (Instr., 
Howard Univ.) ; 
KLEINMAN, ApaAM, Tel-Aviv, Israel (Struct. Design, 


Inspection, M. Tintner, Arch.) 

Lacy, Fioyp B., Jr., Knoxville, Tenn. (Super, TVA) 

Meter, Louis J., Knoxville, Tenn. (Design, TVA) 

Mourna R., Cartos, Roma, Texas (Resident Engr., 
Mexican Govt.) 

Moore, WALTER P., Houston, Texas (Cons. Engr.) 

NicHots, GeorGeE T., Jackson, Miss. (Design and Con- 
trol Super., Jackson Ready-Mix Concrete) 

Sacuer, G. Eric, Roanoke, Va. (Resident Engr., 
Assoc. Housing Consultants; Inspéction Engr.) 

ScuLecer, Henry K., San Francisco, Calif. (Chf. 
Struct. Engr., Bechtel Corp.) 

Seate, J. J., Chico, Calif. (Valley Concrete Pipe & 
Products Co., Inc.) 





Suepp, Jack P., Manhattan, Kans. (Asst. Prof., 
Kansas State College) 
SHuHaBert, M., Tel-Aviv, Israel (Struct. Engr., A. 


Leitersdorf & I. Belzitzman, Archs.) 

Ssiru, Joun W., Powell, Tenn. (Design, TVA) 

Spurceon, W. M., Cincinnati, Ohio (Research Dir., 
American Fluresit Co.) 

Totnary, 8. B., Footscray, Australia (Arch., Com- 
monwealth of Australia) 


Wirtres, Davin Rospert, New York, N. Y. (Super., 
Struct. Design, Brown-Guenther-Booss) 
Woopyarp, J. F., Jr., Monterrey, Mexico (Arch., 


Engr., Contr., Construcciones Woodyard) 


Corporation 


SouTHERN LIGHTWEIGHT AGGREGATE 
mond, Va. (A. C. Ford) 


Corp., Rich- 


.E. Jellick (Calif.).. 


January 19592 


Junior 
Baker, WA.LrTER F., Brentwood, Mo. (Design, Draft- 
ing, Concrete Products Mf. Co.) 
Beck, Crrin MELvin, Halifax, N. 8., Canada (Arch. 
Representative, Fetherstonhaugh, Durnford, Bolton 
& Chadwick) 


BrrnBauM, Haroxp, Irvington, N. J. (Struct. Engr., 
Ammann & Whitney) 

FREEMAN, Stmonp Davin, Knoxville, Tenn. (Design, 
TVA) 

GAMBONE, JoserH L., Bronx, N. Y. (Struct. Design, 


Brown-Guenther-Booss) 

HakebA, Tsutomu, Wahiawa, Oahu, Hawaii (Civil & 
Struct. Engr., Area Engrs.) 

HILDEBRAND, JoHN R., Salem, Va. 
Mattern & Mattern, Engrs.) 

HorrMan, ALBERT A., Jr., Berkeley, Calif. (Instructor, 
Univ. of Calif.) 

Hooper, Raupu W., San Francisco, Calif. (U. 

Hvana, YEN-TI, C: ambridge, Mass. 

Katz, Ericu, Bronx, N. Y. (C. E. 
Booss) 

Keister, Hatey W., 
ing, TVA) 


(Design, Drafting, 
. Army) 
, Brown-Guenther- 


Knoxville, Tenn. (Design, Draft- 


Lipsy, JAMEs R., Camarillo, Calif. (Research Engr., 
U. S. Navy) 
Lore, FRANKLIN JeRRELL, III, Somerville, N. J. 


(Product a Engr. , Johns- Manville Corp.) 
SpecKER, THomaAs W. Louis, Mo. (Design, Draft- 
ing, Ladue Supply, an 
SrrRUBINGER, TAYLOR E., University City, Mo. (Field 
Engr., Merritt-Chapman & Scott) 


Tyavu, Revuspen Y. F., Honolulu, T. H. (C. E., Area 
Engrs.) 
Student 
Boupy, JUAN SANcHEz, Havana, Cuba 


Hicks, Epwarp G., 
College) 

KoORMAN-SEIFER, ISAAC, 

MARTINEZ, ERNESTO, 


Essex, England (S. W. Essex Tech. 


Detroit, Mich. (Wayne Univ.) 
a New York, N. Y. (Columbia 
niv. ) 


McCann, Ray A., Napa, Calif. (Univ. of Calif.) 
PEREZ Corre Ae Jose Antonio, Havana, Cuba 


Honor Roll 


February 1—November 30, 1951 


The Honor Roll for the current year ends 
January 31. A complete list including the 
50-50 credits will be published in the March 
Journal. Make it a point to have your name 
on this list of members having furthered the 
Institute's efforts to bring the knowledge of 
concrete to all who are interested! 


Newlin D. Morgan, Sr. (Ill.)............40 
Newlin D. Morgan, Jr. veneeeh er 
Eddy Hernandez (La.)...... j 10% 


James A. McCarthy (Ind.).. . 10 


Oscar A. Nunez G. (Venezuela). . 
Adolf A. Meyer (Tenn.)... 
Jose A. Vila a - CORRS 
L. G. Farrant (Fla.).. 
H. J. Gilkey (la.).. 
Samuel Hobbs (Calif.). i ate 
Anthony G. Giardina (N. Y. “een 
ae Klein (Calif.). .. 

Alvin €. Loewer, Jr. (Pa.)... 
Jacob Adler (Israel). . 
F. Thomas Collins (Calif. ). 
Oliver J. Julian (Mass.). 
Frank Kerekes (la.). 
Ivan M. Viest Clll.)...... 
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George D. Vesna (Calif.). . ve 
Fernan Rodringuez-Gil (Venezuela). cre 3% 
Rafael Ruiz (Guatemala)............... 3% 
ee ee re 3% 
Oscar Schreier (N. Y.)....... .. 3% 
ae A. T. aw seneeedh ae 
|. E. Morris (Ga.). . a 
C. P. Siess (Ill.). . Sis hens asap eae 
George E. Hatch (Hawaii). a 
E. L. Howard (Calif.).......... .... 2% 
oe ON eee 


F. T. Mavis (Pa.).. Tg eh ee 
Donald M. Agrimson (S. ‘D. y. se Pes 
Boyd G. Anderson (N. Y.).... 9 
J. F. Baxter (N. Y.)....... ee 9 
E. J. Critzas (Mo.). . ve 9 
Robert G. Deitrich (Mad. ).- Re ikes Q 
Frank L. Ehasz (N. Y.)........ 9 
H. F. Gonnerman (Ill.)..... a. 
H. R. Harbeson (Mich.)......3.......... 2 
Henry L. Kennedy (Mass.)......... oe 
David R. McKenzie (Brazil)..... .. 9 
Thomas J. Reading (S. D.)...... 9 
Dana A. Scheid (Ind.)........ 9 
Howard Simpson (Mass.). . Q 
Harry F. Thomson (Ill.). . ‘diese ae 
LeRoy A. Thorssen (Canada). . ert Q 


ECA sponsors dam project in Malaya 


American geological and engineering know-’ 


how is being exported by the Economic Co- 
operation Administration to help provide a 
much needed new water supply for the capital 
of the Federation of Malaya. 

Two U. 8. Bureau of Reclamation experts, 
Edward R. Dexter, civil engineer, and Dr. 
William H. Irwin, geologist, left the United 
States recently for the Federation Capital, 
Kuala Lumpur, where they will study the 
proposed construction of a reservoir dam 
nearby. 

The present water supply, with a capacity 
of 10.25 million gallons per day, is inadequate 
for the needs of the estimated 230,000 perSons 
in and around the capital city served by this 
source. Surveys during the past few years 
have indicated that the best possibility for 
increasing the water sources would be by 
constructing an impounding dam in the 
Klang River at the Klang Gates, a few miles 
east of Kuala Lumpur. 

The latest investigations which included 
the sinking of a shaft in the river bed and 
driving a tunnel under it, show this is the 
best site for a high dam. However, the quartz 
foundation is fissured to some extent, pre- 
senting problems of construction and effective 
operation of the proposed dam. 


Authorities believe the dam can be built, 
but a number of questions regarding the 
foundation, prevention of leakage, materials 
problems and construction procedure still 
exist. 

The request for American technical assist- 
ance was made because available British 
engineers have had little experience in the 
construction of high dams in similar geological 
formations. Such conditions exist at some 
dam sites in the United States, including the 
Kentucky Dam of the Tennessee Valley 
Authority system. 

Mr. Dexter and Dr. Irwin will be in Kuala 
Lumpur for about six weeks on the study and 
will make their recommendations to the 
Federation government. They were selected 
by the Bureau of Reclamation and ECA 
because of their experience in such site 
conditions. Dr. Irwin has been an ACI 
member since 1947. 


Brundage honored 

Avery Brundage was among the 100 persons 
honored with “Centennial Awards for the 
Northwest Territory” by Northwestern Uni- 
versity. The awards were given to leaders 
in arts, science, industry and government 
from Illinois, Indiana, Michigan, Ohio, 
Wisconsin and Minnesota in recognition of 
“the impress they had made upon their 
generation during a lifetime of distinguished 
service as residents of one of the states which 
comprised the original Northwest Terri- 
tory.” 

Mr. Brundage, president, Avery Brundage 
Co., general contractors, Chicago, IIl., has 
been affiliated with ACI since 1925. 


Short course on aggregates and concrete 

The Sixth Annual Short Course of In- 
struction on Aggregates and Concrete spon- 
sored by the University of Maryland, Na- 
tional Sand and Gravel Assn., and National 
Ready Mixed Concrete Assn., was held 
November 12-16, 1951, at the University of 
Maryland, College Park, Md. 

Ninety-eight attended this short course 
where topics discussed included problems of 
field control of concrete, factors affecting 
strength and consistency of concrete, asir- 
entraining concrete, design of concrete mix- 
tures, aggregate specifications and plant 
operating problems. 
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responsibility. 





ALPHABETICAL LIST OF ADVERTISERS 


(Page numbers refer to News Letter) 
Dewey & Almy Chemical Company 
Fuller Company, The.........+..+- 
I URC iiii6s ccc ce snsececs nen cwewrnsduuneves ence ian 
Laclede Steel Company ..........- 
Lone Star Cement Corporation..... 
Master Builders Company........-- 
Western Waterproofing Company... 


The Institute assumes no responsibility for the claims of 
advertisers. The advertiser is made responsible in the 
belief that his place in the field will be determined by 
the public’s ultimate measure of his exercise of that 











Tools, Materials, Services 





Under this heading note will be made from 
time to time of producer literature of presumed 
technical interest (and available from its source 
for the asking) to ACI users of tools, equip- 
ment, materials, accessories and special ser- 
vices. 





Smooth ceilings system 

A new illustrated bulletin describing theory, appli- 
cation and benefits of the smooth ceilings system of 
slab construction is now available. Installations de- 
scribed include office buildings, industrial buildings, 
hospitals, schools, garages and dormitories. Tables 
based on standard building code formulas are pro- 
vided to assist building designers in selecting slab 
thickness. 

Copies of the new bulletin may be obtained upon 
request.—Smooth Ceilings System, 802 Metropolitan 
Life Bldg., Minneapolis 1, Minn 


Modern placement of concrete 

A new and enlargeed dition of the Protex Modern 
Placement of Concrete fact book, has been published 
recently by Autolene Lubricants Co., Denver, Colo. 

Published under the direction of Autolene Indus- 
trial Research Division, the new edition contains the 
latest technical information and field use tips on air- 
entraining concrete. Complete with photographs of 
the latest concrete construction projects, the book 
is full of questions and answers about air-entrainment 
technique and Protex air-entraining solutions. 

Many new photographs have been included to show 
actual test pictures of concrete with and without 
Protex air-entrainment solutions. The photographs 
graphically show the advantage of air-entrainment in 
structural work. Other photos show construction 
projects. Many new graphs and charts have been 
added in the new edition. 

Copies of the new edition of the MPC booklet 
may be had upon request.—Autolene Lubricants Co. 
Industrial & Research Div., Denver 9, Colo. 


DISCUSSION 


Discussion closed January 1, 1952 


Earthquake Resistant Design Considerations—R. PR. Martel 


Sept. Jl. '51 


Comprehensive Numerical Method for the Analysis of Earthquake Resistant Struciures—Charles S. 
Whitney, Boyd G. Anderson and Mario G. Salvadori 


Multistory Buildings Designed to Resist Earthquakes—John J. Gould 
Lightweight Concrete for Lower Construction Costs—J. A. Murlin 


Designing for Continuity in Prestressed Concrete Structures—Alfred L. Parme and George H. Paris 
Pumice—Lightweight Aggregate—Leslie |. Neher 


Hydration Products Formed in Cement Pastes at 25 to 175 C—George L. Kalousek and Milton 
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Title No. 48-31 


Use of Chicago Fly Ash in Reducing Cement- 
Aggregate Reaction’ 


By C. H. SCHOLER and G. M. SMiit Ht 


SYNOPSIS 


The use of 20 to 30 percent Chicago fly ash, by total weight of fly ash plus 
cement, effectively and economically inhibits certain types of cement-aggregate 
reaction in concrete. Fly ash, a finely divided dry powder collected by pre- 
cipitators from flue gases of pulverized coal-burning power plants, forms a 
cementing medium when it combines with the lime liberated during the 
hydration of a portland cement. The data presented in this paper refer 
only to a fly ash obtained from the Chicago area; fly ash from other localities 
may not necessarily produce the same results since they are known to vary 
considerably in chemical and physical properties. 

Laboratory tests consisted of subjecting 3 x 4 x 16-in. beams to two different 
accelerated exposures to determine cement-aggregate compatibility. These 
two accelerated exposures have shown an excellent correlation with observed 
field service records. Cement-aggregate reaction as referred to in this paper 
is not restricted to the alkali-aggregate reaction, but refers to the physical 
and perhaps chemical reactions or a combination of both which causes the 
expansion that is accompanied by “map cracking.” 

Use of fly ash produces concretes similar in nature to concretes with ordinary 
portland cement, with fly ash concretes showing an increase in workability and 
improved finishing characteristics. 


INTRODUCTION 


Cement-aggregate reaction has been a menacing cause of deterioration 
of concrete throughout Kansas, Missouri, Iowa, Nebraska, and other mid- 
west localities where sand-gravel is used extensively because of the scarcity 
of coarse aggregates. Sand-gravel aggregate is the sand and gravel containing 
little coarse material obtained from the local rivers and their tributaries. 

An extensive series of laboratory tests, conducted to find a satisfactory 
means for inhibiting cement-aggregate reaction, indicates that fly ash does 
so economically and effectively. C. H. Scholer and W. E. Gibson! found that 
certain coarse aggregates were also effective in reducing the amount of cement- 
aggregate reaction but where coarse aggregates are not locally available, their 
use is not economical. 





*Received by the Institute Sept. 27, 1951. Scheduled to be presented at the ACI 48th Annual Convention, 
Cincinnati, Ohio, Feb. 26-28, 1952 litle No. 48-31 is a part of the copyrighted JouRNAL OF THE AMERICAN 
ConcreETE INstiTUTR, V. ‘No. 6, Feb. 1952, Proceedings V. 48. Separate prints are available at 35 cents each. 
Discussion (copies in triplicate) should reach the Institute not later than, June 1, 1952. pe ey 18263 W. MecNichols 
Rd., Detroit 19, Mich. 

+Members American Concrete Institute, Professor and Assistant Professor, Applied Mechanics, respectively, 
Kansas State College, Manhattan, Kans. 
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METHOD OF TEST 


The two accelerated tests used were a wetting and drying test, and a con- 
tinuous spray of water, with a temperature change occurring in each. The 
wetting and drying test, referred to here as Exposure 2, consists of drying 
saturated specimens of concrete in ovens at 130 F for 8 hours, followed by 
immersion in water at an initial temperature of 70 to 80 F for 16 hours. The 
process is repeated 5 days each week, the specimens remaining immersed over 
Saturday and Sunday. 

The continuous spray of water, referred to as Exposure 10, consists of 
placing the beams, standing on end, in a tank where they are exposed to a 
continual spray of water at a rather low velocity but of such intensity and 
distribution that water is continually falling on all surfaces of the beams. 
One complete cycle consists of changing the temperature of the water from 
68 to 135 F, and then back down to 68 F. This cycle gives a temperature 
range at the center of the beam of 74 to 122 F. The temperature change is 
obtained automatically, and is gradual so as to eliminate any ‘‘shock”’ effect. 
The automatic controls are so set as to obtain 32 cycles per day or 224 cycles 
per week. The spray tank installation is shown in Fig. 1. Exposure 10 was 
developed under a cooperative research program between the Portland Cement 
Assn. and the Engineering Experiment Station at Kansas State College. 
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Fig. 1—Spray tank installation (exposure 10) 
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The specimens were 3 x 4 x 16-in. beams provided with gage points in 
ach end. All concrete beams were cured 24 hours in the molds in the moist 
closet, and six days in the moist room. At the age of 7 days, the beams were 
removed from the moist room, and stored on racks in the air-conditioned 
laboratory at 74 F, and at 55 to 60 percent relative humidity for 21 days. 
All specimens were then placed in water at 70 F for two days before the ex- 
posure tests were started at 30 days age. For mixing data see Table 1. 

In addition to the normal curing, one cement and aggregate combination 
with 0, 20, and 30 percent substitutions* of fly ash were cured at a low tem- 
perature to determine whether the fly ash would still be effective in reducing 
cement-aggregate reaction in Exposure 2. These specimens were cured 
one day in the molds in the moist room, followed by 27 days at 42 F dry 


‘Substitutions are based upon total weight of the cementing medium with fly ash being considered as part of 
the cement. 


TABLE 1—MIXING DATA 


w/c, Cement 
Material Fly ash, gal. factor,* bbl Air, Slump, 
percent per sack per cu yd percent in. 


Cement A 





Eau Claire sand 0 5.95 1.88 5.0 1.25 
Eau Claire sand 20 4.40 1.89 4.0 2.50 
Eau Claire sand 30 6.15 1.89 3.6 2.25 
Platte River sand 0 1.59 3.0 2.00 
Platte River sand 20 1.60 2.0 3.00 
Platte River sand 30 1.61 1.9 3.00 
- 0 5.65 1.64 1.8 2.50 
50 percent Platte River sand 20 5.26 1.64 1.0 2 50 
+ 50 percent quartzite 30 5.20 1.64 1.0 3.00 
. ' 0 5.50 1.63 2.1 2.00 
50 percent Platte River sand 20 4.93 1.64 1.0 275 
+ 50 percent dolomite 30 1.78 1.64 2.2 2.25 
F ' 0 4.65 1.67 1.6 4.00 
50 percent Platte River sand 20 +.50 1.68 1.0 2 50 
+ 50 percent Fau Claire gravel 30 1.82 1.66 05 400 
Cement B 

Platte River sand 0 5.90 1.55 1.0 1.75 
Platte River sand 20 ° 5.37 1.60 2.0 3.00 
Platte River sand 30 5.15 1.55 2.2 2.75 
- 0 5.66 1.61 2.2 3.00 
50 percent Platte River sand 20 5.45 1.65 1.1 2 09 
+ 50 percent quartzite 30 4.94 1.66 1.3 2 50 
= : 0 5.20 1.63 2.5 1.75 
oU percent Platte River sand 20 5.02 1.65 1.3 3.00 
+ 50 percent dolomite 30 4.87 1.63 2.0 2 75 

7 0 4.75 1.67 2.0 2.25 
50 percent Platte River sand 20 4 85 1 67 1.3 2 50 
+ 50 percent Eau Claire gravel 30 4.72 1.68 1.3 3.00 

* Cement C 

Eau Claire sand 0 6.68 1.86 5.0 2.75 
Eau Claire sand 20 6.20 1.89 4.2 2.40 
Fau Claire sand 30 6.20 1.85 3.2 3.00 





*Fly ash substitution is considered to be a part of the cement. 
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TABLE 2—CHEMICAL ANALYSIS OF CEMENTS 
Loss NAO 
on equiv., 
SO; | ign. K,0 | Na.O total alkali 





Cement) SiO, | Al,O;|Fe:0;| CaO | MgO 








A 20.90 | 6.55 | 2.55 | 63.63 | 1.96 | 1.89 | 1.55 | 0.21 | 0.28 0.42 


| 
B | 21.00 | 5.78 | 2.49 | 63.30 | 3.52 | 2.03 | 1.22 | 0.74 | 0.16 0.65 
C | 20.77 | 5.90 | 2.82 | 63.23 | 2.77 | 2.30 | 1.07 | 0.59 | 0.28 0.67 


storage. At 28 days’ age the specimens were then placed in water at 70 F 
for two days before starting the Exposure 2 tests at the age of 30 days. 

A comparison of wetting and drying tests with a field survey made by 
White,’ showed that cement-aggregate combinations that expand as much 
as 0.07 percent or more in one year in the wetting and drying tests have a 
poor service record. 

MATERIALS 


Three brands of portland cement (Type I) were used, two of which (B and 
C) have been used extensively in the Kansas and Nebraska area, and the 
other (A) in the Chicago area. See Table 2 for chemical analyses. 

The sands used were a Platte River sand, a Republican River sand and 
a sand from Eau Claire, Wis. The Platte and Republican River sands are 
known to be reactive, and have a poor service record, while Eau Claire sand 
is considered to be nonreactive, and has a good service record. 

To study the effect of fly ash on concretes containing coarse aggregates, a 
Chicago dolomite, an Eau Claire gravel, and a Kansas quartzite were used in 
combination with the Platte River sand. 

The fly ash used in this program was obtained from a power plant in the 
Chicago area through the Combustion By-Products Co. See Table 3 for 
chemical and physical test results. 

There are many clays and shales that when calcined and finely ground 
can be used as pozzolanic material.* To compare the fly ash with some other 
pozzolans, a calcined Monterey shale 
from California and a calcined Mowry 
shale from Wyoming were used with 
Chicedeel commasitien, suveent one of the cements and a Republican 
ae? River sand. 


TABLE 3—CHEMICAL AND PHYSICAL 
CHARACTERISTICS OF CHICAGO 
FLY ASH 








Silica 46.4 Titanium 0.4 
Alumina 14:8 | Total Alkalies 3.3 
Iron oxides 24.9 | Sulfuric anhydride 2.4 
Lime 4.1 Loss on ignition 2.6 RESULTS OF EXPOSURE 2 
Magnesia 0.5 | Carbon 1.5 





Fig. 2 shows the percent expansion 
occurring in the wetting and drying 
| 96.4 passing a 325-mesh . , i a“ 

| sieve tests (Exposure 2) for combinations 
3380 sq cm per g rr 

| 2.51 of cements and sand-gravels. The ex. 


Physical data 





Sieve analysis 


Blaine surface area 
Specific gravity 





*A pozzolan is a siliceous material which possesses no cementitious value in itself, but, when finely divided and 
in the presence of moisture, will react chemically with calcium hydroxide to form a cementitious compound. 
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Fig. 2—Expansion obtained from alternate cycles of heating and drying and cooling and soaking 
(exposure 2) 


pansion of cement B and Platte River sand indicates a high degree of cement- 
aggregate reaction, but the substitution of 20 percent fly ash virtually elimi- 
nated the expansion so that little, if any, deterioration would be expected. 
Substitution of 30 percent fly ash is even more effective in reducing expansion. 
The expansion (0.05 percent) of Cement A with Platte River sand indicates 
only slight reactivity, and deterioration in the field would probably be very 
slow. The use of fly ash should be given serious consideration as a possible 
means for obtaining long life from concretes which would otherwise deteriorate 
as a result of excessive or moderate cement-aggregate reaction. 

Apparently Eau Claire sand when combined with either Cements A or C, 
is nonreactive, and the substitution of fly ash with these combinations has 
no effect in increasing or decreasing the expansion. 
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CEMENT C WITH REPUBLICAN RIVER SAND 


Fig. 4—Effect of Chicago fly ash, 
Monterey shale and Mowry 
shale on expansion obtained 
from exposure 2 
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The authors have been asked several times if fly ash effectively reduces 


Fig. 


about equally effective in 


o 
ing 


before being subjected to the wetting and drying test. 


cement-aggregate reaction in concrete cured at low temperatures. Fig. 3 shows 
the effect of fly ash on the expansion of Cement B and Platte River sand, 
when initially cured at 42 F for 27 days, followed by 48 hours of soaking, 


It is apparent in Fig. 


3 that the low temperature curing, prior to the wetting and drying tests, 
did not inhibit the pozzolanic action of the fly ash. 

t shows the effect of Mowry shale, Monterey shale, and fly ash as 
reducing the cement-aggregate reaction of 
Cement C and a Republican River sand in the wetting and drying test. 


The concretes containing the coarse aggregates developed so little ex- 
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Fig. 5—Expansion obtained from heating and cooling by a continuous spray of water (ex- 
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little expansion occurred that no differences were indicated between these 
various mixes by the inclusion of fly ash. 
RESULTS OF EXPOSURE 10 

Fig. 5 shows that the relative expansions for the various concretes, sub- 
mitted to the continuous spray of water (Exposure 10), are almost identical 
to the expansions occurring in the wetting and drying test (Exposure 2). 
It is difficult to determine the merit of an accelerated test that is to simulate 
field conditions, but it does seem highly significant that identical results were 
obtained in Exposures 10 and 2. 

MODULUS OF RUPTURE AND COMPRESSIVE STRENGTHS BEFORE AND AFTER 

EXPOSURE 2 

Fig. 6 shows the effect of fly ash on the modulus of rupture and compressive 
strengths at the age of 30 days, and after the wetting and drying tests. The 
strength tests cover a variety of sand-gravel and coarse aggregate combina- 
tions with Cements A and B. In general, the modulus of rupture and com- 
pressive strengths of the concretes containing 20 and 30 percent fly ash are 
slightly lower at 30 days than the corresponding concretes containing no fly 
ash. However, after receiving the wetting and drying tests, the concretes 
containing fly ash show a rather large and significant increase in both modulus 
of rupture and compressive strength over corresponding concretes with no 
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Fig. 6—Modulus of rupture and compressive strengths of concretes at 30 days and after exposure 
to wetting and drying (exposure 2) 
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fly ash. In several instances the 30 percent substitution of fly ash produced 
concretes having a modulus of rupture of well over 1100 psi. 


DISCUSSION 

It is not entirely understood just why fly ash reduces the expansion of 
concretes containing cements and aggregates that are not compatible. Per- 
haps a study of the physical and chemical properties of cement pastes con- 
taining fly ash would reveal some fundamental concepts as to the cause of 
cement-aggregate reaction. As an example, the thermal properties of cement 
pastes containing fly ash are considerably different from the thermal pro- 
perties of cement pastes containing no fly ash. G. M. Smith* found that the 
thermal coefficient of expansion of ordinary portland cement paste ranged 
from 7.3 X 10-° to 11.5 X 10-° per deg F depending upon the degree of 
saturation, while pastes containing 30 percent Chicago fly ash, ranged from 
5.2 X 10° to 9.0 X 10-° per deg F. Undoubtedly plastic flow and many 
other physical properties of cement pastes are altered by addition of fly ash. 


CONCLUSIONS 

These conclusions are based upon the limited number of tests mentioned 
above and rather extensive tests made in connection with other projects 
involving the use of Chicago fly ash with several other cements and aggre- 
gates exhibiting definite cement-aggregate reaction. 

In any proposal for the use of any fly ash with a cement-aggregate com- 
bination, it is urged that the user make suitable advance studies to determine 
the effectiveness of the proposed fly ash in preventing deleterious reaction. 

(1) Twenty percent fly ash (by weight of cement plus fly ash) is sufficient 
to inhibit expansion for most reactive sands and cements, but 30 percent is 
recommended to reduce excessive reaction between cement and aggregate. 

(2) In general, the use of 20 to 30 percent fly ash slightly reduces strengths 
at early ages, but when exposed to the accelerated wetting and drying tests, 
which simulate outside weathering, the strengths are far superior to corres- 
ponding concretes containing no fly ash. 

(3) The use of 20 or 30 percent fly ash does not materially modify the 
usual characteristics of the freshly-mixed concrete, but improves the work- 
ability and finishing properties. 

(4) The mix data in Table 1 indicate that the fly ash reduces the air con- 
tent; hence, additional air-entraining agent may be required for proper air- 
entrainment in concrete containing fly ash. 
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Title No. 48-32 


Direct Design of Rectangular Columns with 
Bending About an Axis of Symmetry® 


By HENRY J. COWANT 


SYNOPSIS 


A new method for the design of eccentrically loaded reinforced concrete 
columns based on the principle of superposition. The section is designed to 
resist the bending moment due to the eccentricity of the column load, using 
the well-known equations for rectangular reinforced concrete beams; the area 
of reinforcement is then reduced to allow for the direct compression due to the 
column load. 

In the standard method the dimensions of the section are assumed and the 
depth of the neutral axis and the maximum stresses in the steel and the con- 
crete are then calculated. In the present method the neutral axis depth ratio 
is assumed, and the dimensions of the section are calculated from the maximum 
permissible stresses of the materials; this is therefore a direct design procedure. 

Rules are given for determining the depths of the neutral axis so as to pro- 
duce a section with (a) a specified percentage of tension reinforcement only; 
(b) a specified percentage of symmetrical reinforcement; (c) the lowest possible 
area of (unsymmetrical) reinforcement within the limits set by the dimensions 
of the cross section; and (d) the lowest possible area of reinforcement when 
the dimensions of the cross section are not limited. 


INTRODUCTION 


The problem of designing reinforced concrete sections subject to combined 
bending and compression offers little trouble from the theoretical standpoint; 
it is only when an attempt is made to apply the theory to practical examples 
that difficulties are encountered. Unless a form of graph or table is used it is 
necessary to assume a section with a certain percentage of reinforcement and 
find the depth of the neutral axis by the solution of the cubic equation 

‘wee a ree (1) 
where k is the neutral axis depth ratio, A, the area of reinforcement, and 
a, B and y are constants. This method offers no real difficulties, but it is 
a tedious process to find an economical section, and several attempts may 
have to be made before a section is found which will keep the stresses in the 
steel and concrete at or just below the maximum permissible stresses. 

In the method proposed here these difficulties are overcome by assuming 
the neutral axis depth ratio, and then solving Eq. (1) as a first degree equation 
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for A,. For maximum efficiency the neutral axis depth ratio depends on the 
eccentricity of the column load and the percentage of reinforcement, and for- 
mulas are given for determining its value in terms of these quantities. 

The bending moment M is defined as the moment of the column load N 
about the center of the tension reinforcement, and. the section is designed 
for this moment together with the column load acting at the center of the 
tension reinforcement by using the principle of superposition. The dimen- 
sions of the concrete section and the reinforcement are calculated for the 
moment J/, using the procedure for sections subject to bending only, and the 
area of tension reinforcement is then reduced to allow for the direct load N. 


ASSUMPTIONS 

The following assumptions are made in deriving the formulas: (1) plane 
sections remain plane and normal to the longitudinal fibers after bending, 
(2) both steel and concrete are elastic and obey Hooke’s Law, 7.e., stress is 
proportional to strain, (3) tensile stresses in the concrete may be disregarded, 
(4) initial stresses in the concrete and the steel may be disregarded, (5) 
the bond between the concrete and the steel is sufficient to cause the ma- 
terials to act as one, and (6) the centroid of the reinforced concrete section 
is coincident with the geometrical center of the rectangle. 


ANALYSIS OF PHASES 


The problem of combined bending and compression may be divided into 
four phases, according to the location of the neutral axis. 

In the first phase the neutral axis is at infinity, and the section is uniformly 
strained. This phase includes concentrically loaded columns with symmetrical 
reinforcement, and eccentrically loaded columns with unsymmetrical rein- 
forcement, in which the asymmetry of the reinforcement is just sufficient 
to_ balance the eccentricity of the column load (Fig. 1). 





= b | ~—es —| — fc si 
eon 
| 
a 
| 2 ° 
+ *a 














Fig. 2—Distribution of stress and 
strain in eccentrically loaded 
(c) columns, phase 2 








id 
od 


ia 


N 
od 
he 


he 
he 


ne 
1g, 

is 
ad, 
(5) 
1a- 
ion 


nto 


aly 
cal 
in- 
ent 


and 


ided 





DIRECT DESIGN OF RECTANGULAR COLUMNS 


Fig. 3—Distribution of stress and 
strain 
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a finite distance outside the sec- 
The entire section is therefore in compression (Fig. 2). 

As the neutral axis passes inside the section, there is 
phase in which the whole of the steel is in compression, 
concrete in the cover over the reinforcement is in tension. 


a short transition 
while some of the 
The depth of the 


neutral axis is then less than the over-all depth, D, of the section, but greater 
than the effective depth, d (Fig. 3). 

In the fourth phase the depth of the neutral axis is less than the effective 
depth of the section, and some or all of the steel is therefore in tension (Fig. 
The limit of this phase is reached when the column load acts at infinity, 
i.e., the section is subject to bending only. 


4). 


therefore confined to phase four. 


da” 


D 


NOTATION 


area of additional tension steel in a 
section with double reinforcement 
area of tension reinforcement 

area of compression reinforcement 
width of section, 7.e., length of rec- 
tangle parallel to the plane of bending 
resultant compressive force in the sec- 
tion 


= effective depth of section 


depth of compression reinforcement, 
measured from compression edge 
depth of tension reinforcement, meas- 
ured from tension edge 
over-all depth of section, 7.e., length of 
rectangle perpendicular to the plane 
of bending 

maximum compressive strain in con- 
crete 

tensile strain at center of tension rein- 
forcement 

modulus of elasticity of concrete = 


1000 F..’ 


= modulus of elasticity of steel 


eccentricity of column load 

actual maximum compressive stress in 
concrete 

actual stress in tension reinforcement 


Sf.’ 


The discussion of this paper is 


actual stress in compression reinforce- 
ment 

maximum permissible concrete stress 
= 0.45 F,’ 

cylinder crushing strength of concrete 
maximum permissible steel stress 
cover ratio = d’/d or d"/d 

ratio of distance of reinforcement from 
centroid of section to effective depth 
of section, 7.e.,h d = (D —d’' — d")/2 
moment arm coefficient 

neutral axis depth ratio 

design coefficient = 14 F. kj 
bending moment, referred to center of 
tension reinforcement = N(e + hd) 
modular ratio = E,/E, = 30,000/F.’ 
column load 

tensile steel ratio = A,/bd 

A,/bd 
balanced steel ratio for rectangular 


compressive steel ratio = 


section subjected to bending only = 
F,k/2 F, 

balanced steel ratio for rectangular 
section subjected to combined bend- 
ing and compression 

resultant tensile force in section 
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BALANCED DESIGN OF SECTIONS WITH TENSION REINFORCEMENT ONLY 


If the eccentricity of the column load is large, the most economical solu- 
tion is a section with tension reinforcement only, in which both the steel 
and the concrete are stressed to the full value of the maximum permissible 
stresses, 7.c., f. = F. and f, = Fs. This is called a balanced design. 

Since it is assumed that plane sections remain plane, the variation of strain 
throughout the section is linear, as shown in Fig. 5b, and therefore 

€-/es = kd/(d — kd) 

Assuming that both steel and concrete obey Hooke’s Law 

a. -_— -— # F. 

e ff &£. 2 RP, 

Therefore 

kd/(d — kd) = nF./F 
and the neutral axis depth ratio 

k=nF,./(nF. + F,) ; (2) 
This equation is the same as for a rectangular section subject to bending only 
(Fig. 6). 

The resultant compressive force in the section acts at the center of gravity 
of the triangle (Fig. 5c), and therefore the moment arm coefficient 

j=1-k/3 (3) 
The resultant compressive force in the section 

C = 14 F. bkd.. (4) 
and the resultant tensile force 

T =F, A. = F.pebd 5 os , (5) 
where po- is the balanced steel ratio for a section subject to combined bending 
and compression. 
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Fig. 6—Neutral axis depth ratio, 
k. (Since nF. = 13,500 psi, irre- 
spective of the strength of the con- 
crete, the value of k varies only ase 
with the steel stress, f.) 


k 0.60 


0.40 


° 5s 10 is 20 25 30 
Fs / 1000 psi 


For vertical equilibrium the column load 


N=C-T 
and therefore, substituting from Eq. (4) and (5) 

F, N N : 
ce | thee °° Wate © an To 
where p, = F, k/2 Fs, is the balanced steel ratio for a rectangular section 

subject to bending only, 7z.e., for N = 0 (Fig. 7) 


Taking moments about the center of the tension reinforcement 
M =WN (e+ hd) = N (e + d/2 — d’/2) 
= “ee eee —g) | 
6 F. : kd jd = K bd?. (7) 
where K = 4 F.k]7 is the design onli ient for ‘the balanced design of a 
rectangular section subject to bending only (Fig. 8). Therefore the effective 


depth required for the eccentrically loaded column 


"Cs Lf. , eer (8) 
and the area of reinforcement 
A, = pbd — N/F, (9) 


For large eccentricity ratios ‘the bending moment M may be obtained from 
Eq. (7) by estimating the value of hd. For eccentricity ratios of the order of 
unity, however, this may be considerably in error. From Eq. (7) 

K bd? = Ne + Nd (1 — g)/2 ... (10) 
This is a quadratic equ: ition for d: 


ap ew a V4 = (11) 
d = - —g) + —— (1 — —— 
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Fig. 7—Steel ratio, p., for the 
balanced design of a section 
with tension reinforcement only ; 
subject to pure bending Fs / 1000 psi 
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The theoretical lower limit is reached when a section without any tension 
reinforcement is obtained, 7.e., 

Po = 0 = p, — N/F, bd 

Substituting from Eq. (2) and (6), the theoretical maximum value of the 
column load is therefore 

N =p, F.bd =nF2bd/2 (nF. + F,) 

In practice it is necessary to provide a small amount of reinforcement at 
all times. If the minimum steel ratio is p, then the maximum value of the 
column load for amenens design, using tension reinforcement only, is 


nF ao F ba (12) 
2 (n F. + F) oe ee : 2 


Example 1 

A rectangular column, 20 in. wide, carries an eccentric load of 25,000 lb acting at a 
point 40 in. from the centroid of the section, as shown in Fig. 9. Find the effective 
depth and the area of reinforcement required for balanced design, if the maximum per- 
missible stresses for steel and concrete are 18,000 and 1000 psi respectively, and the 
modular ratio is 13.5. 

The eccentricity of the column load is large, and the effective depth may therefore be 
obtained from Eq. (8). Assuming that the column has an over-all depth D = 20 in. 
and a cover ratio g = 0.10, the distance of the reinforcement from the centroid of the 
section 

hd = D/2 — da” = 8 in. 
and the bending moment, referred to the center of the tension reinforcement, 

M = WN (e + hd) = 25,000 (40 + 8) = 1,200,000 in.-lb. 

With the maximum permissible stresses given, the design coefficient and the steel 
ratio for balanced design for a section subject to bending only are 184 psi and 0.0119 
respectively (Figs. 8 and 7). 

From Eq. (8) the effective depth 

= ¥y 1,200,000/184 X 20 = 18.0 in. 
and the over-all depth D = d (1 + g) = 19.8in. From Eq. (9) the area of tension rein- 
forcement required 
A, = 0.0119 XK 20 X 18.0 — 25,000/18,000 = 2.90 sq in. 

The steel ratio for the section 
p = A,/bd = 2.90/20 XK 18 = 0.008 


OVER-REINFORCED AND UNDER-REINFORCED ee WITH TENSION 
REINFORCEMENT ONLY 


If the column load is quesies than the value obtained from Eq. (12), the 
stress in the tension reinforcement, f,, must be kept below the maximum 
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permissible stress, Ff, so as to keep 

the area of reinforcement above the x N a 
minimum value laid down by the 

Building Code. The design is then i 


over-reinforced. 





This process is equivalent to design- 
ing the section with maximum per- 
missible stresses Ff, and f, for the con- 
crete and steel respectively. i 6] ” 1 

Taking moments about the center 
of the tension reinforcement | 


M = WN (e+ d/2 — d"/2) = K bd? O O 


where K is the design coefficient for 


balanced design with maximum per- 
missible stresses Ff. and f, (Fig. 8). b | 


Substituting for K and 7 from Eq. (7) 




















Fig. 9—Loading assumption for column in 


and (3) example 1 
N (¢ +d/2 — g/2) = 4 F.k (1 — k/3) bd 
and 
N k (3 — k) 


F.bd 6 (e/d + % —g/2) °°’ — 


The area of reinforcement required 
A,=pbd=p,bd—WN/f, 
where p, is the steel ratio for balanced design for a section subject to bending 
only with maximum permissible stresses f, and F.. (Fig. 7). Substituting for 
p. from Eq. (6) 
F. N 
pod =—kbd — - 
2f, f. 
and therefore 
N k f, (4 
F.bd 2 , _ 
From Eq. (13) and (14) 


k F. 3—k . ™ 
p= - 1 — - - (15) 
2Ss 3 (e/d + % — g/2) 


In practice the problem reduces to selecting the appropriate value of k for 
a given eccentricty ratio e/d and a given steel ratio p. The answer can be 
obtained from a series of curves such as those of Fig. 10 and 10a, or else by 
solving Eq. (15) as a quadratic equation for k. 

If the maximum stress in the concrete is some value of f. smaller than F,, 
while the stress in the tension reinforcement is F’,, then the section is under- 
reinforced. The problem is solved in the same manner as the over-reinforced 
section, and the steel ratio j 


_*se[, _38-k | (16 
Pe oF. ica +h 0m | . o«6 ° >) 
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Example 2 

Revise example 1 so as to increase the steel ratio to approximately 0.02. 

Taking the effective depth from example 1, the ratio d/e = 18.0 / 40 = 0.45. From 
Fig. 10, k should be approximately 0.56 for 2 percent reinforcement. The steel stress 
is therefore limited to nF, (1 — k)/k = 10,600 psi (Fig. 6). 

The moment arm coefficient 7 = 1 — k/3 = 0.81. The design coefficient 
K = 44 F,kj = 226 psi (Fig. 8) 
and the steel ratio for pure bending 

F. ae 

Do = of k = 0.0264 (Fig. 7). 


From Eq. (8) the effective depth d = +¥ 1,200,000/226 x 20 = 16.4 in. 
and the over-all depth D = 16.4 X 1.10 = 18.1 in. 


From Eq. (9) the area of reinforcement 


A, = 0.0264 X 20 X 16.4 — 25,000/10,600 = 6.30 sq in. 
which corresponds to a steel ratio of 0.0195. 


Example 3 


A rectangular concrete column, 10 in. wide, carries an eccentric load of 25,000 Ib, 
acting at a point 10 in. from the centroid of the section, as shown in Fig. 9. Find the 
effective depth and the area of tension steel required, using an over-reinforced design 
with approximately 1 percent reinforcement, if the maximum permissible stress for 
concrete is 1000 psi, and the modular ratio is 13.5. 

Assuming an effective depth of approximately 14 in., the ratio d/e = 1.40. From 
Fig. 10, 1 percent reinforcement corresponds to a k value of 0.57. From Fig. 6, 7, and 8 
fs = 10,100 psi; p. = 0.0295; and K = 230 psi. : 

Since the eccentricity of the column load is relatively small, the effective depth cannot 
be obtained with sufficient accuracy from Eq. (8), and Eq. (11) is used instead. Assum- 
ing a cover ratio g = 0.10 


25,000 (1 — 0.1) 25,000 (1 — 0.1)\2 25,000 x 10 
4 X 230 X 10 N\ 4 x 230 x 10 230 X 10 


ee 13.2 in. 


From Eq. (9) the area of reinforcement A, = 0.0295 X 10 X 13.2 25,000,/10,100 = 
1.26 sq in. which corresponds to a steel ratio of 0.0096. 


np 
0.8 






1 2 4 
d/e 


Fig. 10—Neutral axis depth ratio for over-reinforced sections with tension reinforcement only. 
Cover ratio, g = 0.10 
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Fig. 10a—Relation between Fe Fe 
values of np and p for various Pei psi 
concrete strengths 4%00 4° ° 
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BALANCED DESIGN OF SECTIONS WITH TENSION AND 
COMPRESSION REINFORCEMENT 

The solution of this problem is easily obtained by making use of the prin- 
ciple of superposition. The eccentric load N is replaced by a load N acting 
at the center of the tension reinforcement plus a moment 

M = WN (e+ hd) = N (e + d/2 — d”/2)... ’ (17) 
where ¢ is the eccentricity of the load N measured from the centroid of the 
section, and hd is the distance of the center of the tension reinforcement from 
the centroid of the section (Fig. 11). The centroid of the section is assumed 
to be coincident with the geometrical center of the rectangle. 

The design is carried out in three stages (shown diagrammatically in Fig. 
12). The resistance moment of a balanced section with tension reinforce- 
ment only is first caleulated. Additional reinforcement is then provided 
to take the balance of bending moment. Finally the area of tension rein- 
forcement is reduced to allow for the direct compression of the column load 
acting at the center of the tension reinforcement. 

For balanced design the moment 

My, = EGS...... (18) 
and the area of reinforcement 

M,/F,jd = pobd ; ; (19) 
where j is the moment arm coefficient for balanced design. The remainder 


€ ” NI mMen(e+ehd) 
' ra 


. | 
\ 








Fig. 11—Definition of bending moment, M, 
in terms of eccentricity of direct load, N 
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Fig. 12—Principle of superposition applied to sections with tension and compression reinforce- 
ment 
of the resistance moment is provided by additional tension and compression 
reinforcement. 
M. = M — M, ° (20) 
Neglecting the area of concrete displaced by the compression reinforcement, 
the resistance moment of the additional steel is 


M, = F,a,' (d — d’) =f,’ A,’ (d —d’) . (21) 
and therefore 
a,’ = M,/F, (d —d’)... ; (22) 


In balanced design the tension steel is stressed to its maximum permissible 
stress, f,. The stress in the compression reinforcement is therefore (Fig. 4) 


. kd — d’ 

jf! = ——_.. (23) 
d — kd 

where the neutral axis depth ratio for balanced design 
k =nF,./(n F. + Fs) 
The area of compression reinforcement required is therefore 

2 mu _d—kd i=t ie 

A, = a, (t+ =a; — ‘ 24) 
en kd — d’ k—g 


The direct compressive load N acting at the center of the tension rein- 
forcement reduces the area of tension steel required by N/F,, and the total 
area of tension reinforcement is therefore 

A,=pbd+a,’ —N/F,... oe 


Example 4 ; 
Using a balanced design, find the area of tension and compression reinforcement 
required for column carrying the same load as in example 2, and having the same over- 

all dimensions. 

N = 25,000 lb.; « = 40 in.; b = 20 in.; D = 18.1 in.;d = 16.4 in.; g = 0.10; F. = 
1000 psi; F, = 18,000 psi; n = 13.5. 

For balanced design k = 0.429; K = 184 psi; and p, = 0.0119 (Fig. 6, 7, and 8). The 
distance of the tension reinforcement from the centroid hd = (1 — 0.10) 16.4 / 2 = 
7.38 in., and the bending moment, referred to the center of the tension reinforcement, 

M. = 25,000 (40 + 7.38) = 1,185,000 in.-lp. 
The portion of this moment carried by the concrete 
M, = 184 X 20 X 16.4% = 990,000 in.-lb 
and the area of tension reinforcement equired by the moment 4, for balanced design 
pobd = 0.0119 K 20 X 16.4 = 3.90 sq in. 
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The remainder of the bending moment 
Mz = 1,185,000 — 990,000 = 195,000 in.-Ib. 
The area of tension reinforcement required by moment 1. 
a,’ = 195,000/18,000 X 16.4 (1 — 0.10) = 0.73 sq in. 
and the area of compression reinforcement 





A,’ = 0.73 — ——— = 1.31 aq in. 
0.429 — 0.100 


(This is also the net area of compression reinforcement.) 

The direct load reduces the area of tension reinforcement by N/F, = 25,000/18,000 = 
1.39 sq in., and the net area of reinforcement is therefore 

A, = 3.90 + 0.73 — 1.39 = 3.24 sq in. 

The total area of reinforcement A, + A,’ = 3.24 + 1.31 = 4.55 sq in. which is 28 per- 
cent less than the area of reinforcement calculated in example 2. The problem of design 
for minimum steel ratio is discussed later and reference to Fig. 16 will show that the 
balanced design is indeed the most economical for this section. 


BALANCED DESIGN OF SECTIONS WITH SYMMETRICAL REINFORCEMENT 


In balanced design the ratio A,’/A, is dependent on the dimensions of the 
section, and according to how these are chosen, it may be greater or smaller 
than unity. It is often an advantage to have symmetrical reinforcement. 
This simplifies the detailing of the column, particularly when the area of 
reinforcement is small. It is always the most economical arrangement if the 
bending moment is liable to change sign while remaining constant in mag- 


nitude. Putting A,’ = A, and substituting from Eq. (25) and (24) 
bd+a’ N ee = kd 
pobd +a, r.7 as id ad 


Substituting for N from Eq. (17), for p, b d from Eq. (19), and for a,’ from 
Eq. (22) 


M, M, M - M, d — kd 
F, jd TP, (d@—-d') | d d’"\ F, (d—d') kd-@ 
Fete + 2 — 2 


For symmetrical reinforcement the cover ratio is the same for both faces, 
i.e.,d' = da". Substituting for M/* from Eq. (20), and dividing throughout by 
F.xd 


M, M-M, 2M " M-M, 1-—k 
er ee . £aeei~— i-—¢ t=% 
and therefore 
1—-2k+9 2 
M,_(k-g)Q—9) Zed +1-9 (26) 
M 1—2k+q 
(k—g) (1-9) j 


In Fig. 13 the ratio 1/,/M is plotted against the reciprocal of the eccen- 
tricity ratio, d/e, for cover ratios’from 0 to 0.20. The maximum area of rein- 
forcement is required for pure bending, when d/e = 0; the ratio M,/M is 
then approximately 44. For d/e = 1, 1/,/M is approximately 34. For d/e 
= 2.5 (approx.) ,/M becomes unity, 7.e., the column is unreinforced. The 
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Fig. 13—M,/M for balanced sec- 
os tions with symmeirical reinforce- 
ment—maximum permissible steel 
stress, F, = 18,000 psi. For 
different maximum permissible 
steel stresses the values of M:/M 
may be interpolated from Fig. 14 


0.6 
“ha 


dle 


practical limit is reached when 2p = 0.01, which is the minimum steel ratio 
permitted by the ACI Code. The eccentricity ratio «/d is then between 
0.6 and 0.8, depending on the modular ratio (Table 1). 


Example 5 

Redesign the column of example 1 as a balanced square section with symmetrical 
reinforcement. 

N = 25,000 lb.; « = 40in.;b = D = d(1 + g);g = 0.15; F, = 18,000 psi; F. 1000 
psi; m = 13.5. 

For balanced design 
k = 0.429; K = i84 psi; p, = 0.0119. 

Assuming a column 18 in. square, the effective depth d 15.7 in. The distance of 
the tension reinforcement from the centroid of the section hd = d/2 (1 — g) = 6.7 in., and 
the bending moment referred to the center of the tension reinforcement, is 1/ 25,000 
(40 + 6.7) = 1,166,000 in.-lb. 

The ratio d/e = 0.39. From Fig. 13 the ratio 1/,/M should be taken as approximately 
0.71. The portion of the bending moment taken by the concrete is therefore 1/, = 0.71 
xX 1,166,000 = 829,000 in.-lb and the effective depth 


d = b/(1 +g) = WM/K (1 + g) = ¥829,000/184 X 1.15 = 15.8 in. 
The width and the over-all depth 6 = D = 1.15d = 18.1 in., and the depth of the neutral 
axis kd = 0.429 X 15.8 = 5.8 in. The area of tension reinforcement required by the 
moment .1/; for balanced design 

po bd = 0.0119 XK 18.1 X 15.8 = 3.42 sq in. 


TABLE 1—CRITICAL VALUES OF ECCENTRICITY RATIO, ¢/d, SHOWING THE RANGE 
OF THE FOUR PHASES FOR SECTIONS WITH SYMMETRICAL REINFORCEMENT, DIS- 
REGARDING THE TENSILE STRENGTH Fons CONCRETE (STANDARD CLASSIFICA- 


Upper limit Upper limit Phase 1 

of phase 3 of phase 2 
2np g Upper limit 

of phase 4 Lower limit Lower limit Lower limit 

of phase 4 of phase 3 of phase 2 
0 0 ' 0.167 0.167 0 
0.15 0.05 0.220 0.202 0 
0.30 0.10 0 0.266 0.214 0 
0.45 0.15 x 0.292 0.210 0 
0.60 0.20 x 0.310 0.200 0 


*The critical value of the eccentricity ratio are computed from the well-known formulas for checking symmetrical 
sections, as quoted in the Reinforced Concrete Design Handbook, American Concrete Institute, 1939. The cover 
ratio is increased with the steel ratio to allow for the greater thickness of cover required in heavily reinforced 
sections. 








a4 


ec- 
ce- 
eel 
For 


ble 
14 


10 


en 


SE 
1S- 
A. 


ical 


ced 





DIRECT DESIGN OF RECTANGULAR COLUMNS 477 


The remainder of the bending moment 
M. = 1,166,000 — 829,000 = 337,000 in.-lb. 
The area of tension reinforcement required by moment M/>. 
a;’ = 337,000/18,000 * 15.8 (1 — 0.15) = 1.39 sq in. 
and the area of compression reinforcement 
1 — 0.429 
0.429 — 0.100 
The direct load reduces the area of tension reinforcement by N/F, = 25,000/18,000 = 
1.39 sq in., and the net area of tension reinforcement 
A, = 3.42 + 1.39 — 1.39 = 3.42 sq in. 
Although there is a slight difference in the numerical values of A, and A,’, this is not 
significant when the areas are translated into actual bar sizes, and the reinforcement is 
therefore in practice symmetrical. Small variations in ,/M are negligible. 








A,’ = 1.39 = 3.53 sq in. 


OVER-REINFORCED AND UNDER-REINFORCED SECTIONS WITH 
SYMMETRICAL REINFORCEMENT 
From an examination of Fig. 14a it is apparent that columns with symmet- 
rical reinforcement and medium eccentricity ratios must be over-reinforced, 
i.e., the stress in the tension reinforcement, f., must be less than F's. 
The procedure is similar to that outlined for balanced sections, and the 
design is carried out in three stages. 
M,=Kbd?... Sever eer er ee . sen (18) 


where AK is the design coefficient for balanced design with maximum per- 
missible stresses f, and F.. (Fig. 8). The corresponding area of tension rein- 
forcement 
M,/f,jd = pobd aa ‘ (19) 
where p, is the steel ratio for balanced design with maximum permissible 
stresses f, and F, (Fig. 7). The remainder of the resistance moment is pro- 
vided by additional tension and compression steel. 
MM, - M — HN, (20) 
The area 
a,’ = M:/f,(d —d’).. ; =e (22a) 
and the area of compression reinforcement 
d —kd i=t 
A,’ =a,' _ = a,’ —— od (24) 
kd —d k.-—g 
where k = n F./(n F. + f,) (Fig. 6). The direct compression acting at the 
1-0 


0.8 


e * 0.6 


0.4 
0.2 





7 i] 2 : 3 J 
d/e 

Fig. 14—M,/M for over-reinforced section with symmetrical reinforcement—cover ratio, g = 

0.10. For different cover ratios values of M:/M may be interpolated from Fig. 13 
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center of the tension reinforcement reduces the tension steel by N/f,, and the 
net area is therefore 
A, = p68 +a — Nfe...05 cc sccncscs. sis ws 24 5 (25a) 


If the reinforcement is to be symmetrical, the ratio M,/M must be in 
accordance with Eq. (26). The ratio M,/M is plotted against d/e in Fig. 14 
for k values between 1.0 and 0.3 and a cover ratio of 0.10. 

If the maximum stress in the concrete is some value f. less than F,, while 
the stress in the tension reinforcement is equal to the maximum permissible 
stress F,, then the section is under-reinforced. The problem can be solved 
in the same manner as that of the over-reinforced section, and the value of 
M,/M appropriate to the steel ratio and eccentricity ratio of the section can 
be selected from Fig. 14a. Although a saving of steel can be achieved for 
sections with very large eccentricities through using an under-reinforced 
design, this economy is usually offset by the increased cross-sectional area 
of the column, as compared with a balanced section. The problem is there- 
fore largely of academic interest. 

The theoretical lower limit is reached when k = 0, 7.e., when the neutral 
axis becomes coincident with the center of the tension reinforcement. The 
area of tension reinforcement is unstressed and becomes indeterminate. 

If the stress in the tension reinforcement is very small, the area of tension 
steel is the difference between two very large quantities, p, b d + a,’ and N/f,. 
The accurate determination of this difference is difficult, and it is therefore 
convenient in practice to include these sections in phase 2. This can be 
justified on theoretical grounds, since the section remains homogeneous until 
cracks begin to form on the tension face, and its second moment of area, /, 
should therefore be calculated by taking account of the full cross sectional 
area. Limiting eccentricity ratios thus obtained are given in Table 2. 






Sections 






Pression 


S/e 


ef Medium iL Small — 
r Eccentricity Ratio ; 





beng 
- 


Fig. 14a—This diagram is identical with Fig. 14; all the k lines except those for balanced design 
and phase limits have been omitted for clarity to show that columns with medium eccentricities 
must be over-reinforced 
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TABLE 2—CRITICAL VALUES OF ECCENTRICITY RATIO, «/d, FOR SECTIONS WITH 
SYMMETRICAL REINFORCEMENT, ALLOWING FOR THE TENSILE STRENGTH OF THE 
CONCRETE (MODIFIED CLASSIFICATION)* 


Upper limit Phase 1 
Upper limit of phase 2 

2np g of phase 4 

Lower limit Lower limit 

of phase 4 of phase 2 
0 0 o 0.226 0 
0.15 0.05 oo 0.312 0 
0.30 0.10 © 0.372 0 
0.45 0.15 oo 0.410 0 
0.60 0.20- oo 0.440 0 


*The critical values of the eccentricity ratio are computed in the same manner as those given in Table 1, except 
that the section is assured to remain homogeneous until the ultimate tensile stress is reached at the tension face 
of the column. On this assumption the lower range of phase 4 and the whole of phase 3 are absorbed in phase 2 
—e this table the ultimate tensile strength of concrete is taken as one-tenth of the cylinder crushing 
Example 6 

A square concrete column with approximately 3 percent of symmetrical reinforcement 
carries a load of 25,000 Ib acting at a point 5 in. from the centroid of the section as shown 
in Fig. 15. Calculate the dimensions of the section if the maximum permissible stresses 
for steel and concrete are 18,000 and 1000 psi respectively, the modular ratio is 13.5. 

N = 25,000 lb; « = 5in.;b = D; A, = A,’ (approx.); 2 p = 0.03 (approx.). Assuming 
a cover ratio g = 0.10, and an effective depth of 8 in., the ratio d/e is 1.60. From Fig. 14 
it is evident that the section must be over-reinforced; for 2np = 0.405 the ratio .W,/M 
should be taken as 0.61 and the value of k as 0.64. 

(It will be noted that the value of /,/M in Fig. 14 is virtually independent of the 
ratio d/e, and it can therefore be read off Fig. 13 for cover ratios other than 0.10. A 
small error in the value of either k or M,/M makes only a negligible difference in the 
dimensions of the section.) The stress in the tension reinforcement is therefore limited 
to fs = 1000 X 13.5 X 0.36/0.64 = 7600 psi, and the design constants are p, = 0.042 
and K = 252 psi (Fig. 7 and 8). 

The distance of the tension reinforcement from the centroid of the section is hd = 
16d (1 — g) = 3.6 in., and the bending moment referred to the center of the tension 
reinforcement is therefore 

M = 25,000 (5 + 3.6) = 215,000 in.-lb. 
The portion of this moment carried by the concrete 
M, = 0.61 * 215,000 = 131,000 in.-lb 
and the effective depth 
d = ¥131,000/252 X 1.10 = 7.7 in. 
The width and the over-all depth b = D = 7.7 X 1.10 = 8.5in. The area of the tension 
reinforcement required by the moment M;, 
po bd = 0.042 X 8.5 X 7.7 = 2.76 sq in. 
The remainder of the bending moment 
Ms = 215,000 — 131,000 = 84,000 in.-lb. 
The area of tension reinforcement required by the moment J/, 
a,’ = 84,000/7,600 X 7.7 (1 — 0.10) = 1.99 sq in. 
and the area of compression reinforcement 


1 — 0.64 , 
——— = 1.06 sq in. 
0.64 — 0.10 


A,’ = 1.59 
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The direct load reduces the area of ten- 
N ean sion reinforcement by N/f, = 25,000/7600 


\ = 3.29 sq in., and the net area of tension 
J 
ia t 
| 
NI 
Oo! 





reinforcement is therefore 

A, = 2.76 + 1.59 — 3.29 = 1.06 sq in. 
The total area of reinforcement A, + A,’ 
= 2.12 sq in., and the total steel ratio is 
2.12/8.5 X 7.7 = 0.032. 





O € Oo 





| 
4) 
DESIGN OF SECTIONS WITH TENSION 
AND COMPRESSION REINFORCEMENT 
FOR MAXIMUM STEEL ECONOMY 


O O 


a: If the dimensions of the column are 
l not specified, the condition of maxi- 

b mum steel economy is achieved by us- 

ing a section with tension reinforce- 
ment only. Where this leads to an ex- 
cessively deep section the effective 
depth may have to be limited to a smaller figure, and compression reinforce- 














Fig. 15—Loading condition for column in 
example 6 


ment must then be used. Symmetrical tension and compression reinforcement 
is likely to be economical for small columns, since it reduces the cost of fabri- 
cation; for large columns and arches, however, the most important considera- 
tion is a reduction in the total area of reinforcement to the minimum which 
can be achieved within the limits set by the over-all dimensions of the section. 
The neutral axis depth ratio k for which the total steel ratio is a minimum, 
the eccentricity ratio e/d and the ratio N/F, bd are related by the equation 
F.bd . g (1 — k)? + (k—g)? — 2 (kK? — g) e/d " 
“vy 73 i]@-9 @0-b $3 @—H &-9) + 6-8 GA-h — =) 1 2” 
This is a straight line relationship between F,bd/N and e/d for any 
given value of g and k, and the families of straight lines are drawn in Fig. 
16, 17, and 18 for three different cover ratios. Eq. (27) is derived in Appendix 1. 
It should be noted that the steel stress f, cannot exceed the maximum per- 
missible stress /’,. The neutral axis depth ratio cannot therefore be decreased 
below the figure required for balanced design without reducing the concrete 
stress below the maximum permissible stress, which in turn reduces the 
stress in the compression reinforcement. For columns with large eccentricities 
the balanced design consequently represents the most economical solution. 
If the eccentricity is liable to change from + ¢ to — ¢, the most economical 
section is evidently a column with symmetrical reinforcement, and Eq. (26) 
becomes the criterion of maximum steel economy. 
Example 7 
Using the same over-all dimensions, revise the design of example 6 to reduce the 
total area of steel to a minimum. . 
N = 25,000 lb; « = 5in.;b = D = 8.5 in.;d = 7.7 in.; g = 0.10; F, = 18,000 psi; 
F. = 1000 psi; n = 13.5. 
The ratios e/d = 0.65 and F.bd/N = 2.62. From Fig. 17, the neutral axis depth 
ratio should be approximately 0.52 for maximum steel economy. (A small error in the 
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value of k makes only a negligible difference to the total area of reinforcement). The 
corresponding tensile stress in the reinforcement 
fe = 13.5 X 1,000 X 0.48/0.52 = 12,500 psi 
From Figs. 7 and 8 
Po = 0.0204 and K = 216 psi 
The bending moment, referred to the center of the tension reinforcement 
M = N (e + hd) = 215,000 in.-lb 
and the portion of this moment carried by the concrete 
M, = 216 X 8.5 X 7.7? = 109,000 in.-lb. 
The area of tension reinforcement required by the moment 1/, 
po bd = 0.0204 X 8.5 X 7.7 = 1.34 sq in. 
The remainder of the bending moment 
Ms, = 215,000 — 109,000 = 106,000 in.-lb. 
The area of tension reinforcement required by this moment 
a;’ = 106,000/12,500 X 7.7 (1 — 0.10) = 1.22 sq in. 
and the area of compression reinforcement 


iy «(eee 1.39 sq i 
“is = Be png Tee —- = ov SQ In. 
0.52 — 0.10 , 
The direct load reduces the area of tension reinforcement by N/f, = 25,000/12,500 


2.00 sq in., and the net area of tension reinforcement is therefore 
A, = 1.34 + 1.22 — 2.00 = 0.56 sq in. 
The total area of steel A, + A,’ = 1.95 sq in., which is 8 percent less than the area 
calculated in example 6. 
For comparison the same example is repeated for balanced design. 
N = 25,000 lb; « = 5in.,b = D = 8.5jn.;d = 7.7 in.; g = 0.10; 7 = 215,000 in.-lb.; 
F, = 18,000 psi; F. = 1000 psi; n = 13.5. 
For balanced design the constants k = 0.429; K = 184 psi; and p, = 0.0119. The 
portion of the moment carried by the concrete 
M, = 184 X 8.5 X 7.7? = 93,000 in.-lb 
and the area of reinforcement required by that moment 
p. bd = 0.0119 X 8.5 X 7.7 = 0.78 sq in. 
The remainder of the bending moment Mz, = 122,000 in.-lb, and the corresponding 
areas of tension and compression reinforcement 


as’ = 122,000/18,000 X 7.7 X 0.90 = 0.98 sq in. 


10 
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Fig. 16—Neutral axis depth ratio for maximum steel economy—cover ratio, g = 0.05 
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Fig. 17—Neutral axis depth ratio for maximum steel economy—cover ratio, g = 0.10 


and A,’ = 0.98 X 0.571/0.329 = 1.69 sq in. 
The direct load reduces the area of tension reinforcement by 25,000/18,000 = 1.39 
sq in., and the net area of tension reinforcement is therefore A, = 0.78 + 0.98 — 1.39 = 


0.37 sq in. 
The total area of steel A, + A,’ = 0.37 + 1.69 = 2.06 sq in., which is 6 percent more 
than the result obtained when the section is designed for maximum steel economy. 


CONCLUSION AND SUMMARY 
The design of eccentrically loaded columns can be reduced to the same 
fundamental principles as the design of rectangular sections subject to pure 
bending by use of superposition. The eccentric load N is replaced by a load 
of equal magnitude acting at the center of the tension reinforcement together 
with a moment M = N (e + hd), where e + hd is the eccentricity of the 
column load referred to the center of the tension reinforcement. 


10 
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Fig. 18—Neutral axis depth ratio for maximum steel economy—cover ratio g = 0.15 
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The width 6b and the effective depth d of the section with tension reinforce- 

ment only are then given by the well-known equation 

M = Kbd 
as in pure bending. The area of tension reinforcement 

A,=p.bd—WN/f, 
where p,bd is the area of reinforcement required in pure bending, and 
N/f, is the reduction in the area of the tension reinforcement due to the 
direct compressive force. 

For balanced design, using a 3750 psi concrete with structural grade steel 
reinforcement, the steel forms approximately 2 percent of the cross-sectional 
area when the eccentricity of the column load is large. As the eccentricity 
is reduced, the steel ratio decreases rapidly, the columns with medium eccen- 
tricity must therefore be over-reinforced so as to provide a minimum of tension 
steel. The limiting condition is given by Eq. (16), and the steel stresses 
appropriate to any given steel ratio and eccentricity ratio are plotted in Fig. 
10. 

The principle of superposition is also’used for the design of sections with 
double reinforcement. The moment J is replaced by M, + Ms, where 
M, = K bd? represents the moment of resistance of the concrete with an 
area of tension steel reinforcement of p, b d, and M,. the moment of resist- 
ance of the additional tension reinforcement a,’ and the compression rein- 
forcement A,’ (Fig. 12). The direct load reduces the area of tension steel by 
N/f., and the net area of reinforcement is therefore 

A, =pobd+a,’ — N/f; 

The ratio of tension to compression reinforcement depends on the ratio 
M,:M. The case of the column with symmetrical reinforcement is of special 
interest, and the solution is given by Eq. (26) (Fig. 13 and 14). 

The method proposed in this paper makes use only of design data required 
for section subject to pure bending, 7.e., 

k=nfe/(nfet+fs); K = 4fekj; and p. =f. k/2f, (Fig. 6, 7, and 8). 

Although this paper is intended primarily to show how the design of eccen- 
trically loaded columns can be freed from the limitation imposed by the 
design charts of the standard method, a few lines on steel economy are per- 
tinent. If the dimensions of the section are not limited, the column using the 
least quantity of steel is a section with tension reinforcement only. In columns 
with very large eccentricities of loading the steel ratio can be reduced further 
by using an under-reinforced design. In columns with medium eccentricities 
it becomes theoretically possible to eliminate reinforcement entirely, and the 
minimum area of steel is determined by the minimum steel ratio which is 
admissible in practice. 

If both width and effective depth are limited, the neutral axis depth ratio 
for maximum steel economy is given by Eq. (27) and Fig. 16, 17, and 18. 
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APPENDIX 1—DERIVATION OF EQUATION (27) 


From Eq. (25a) and (24) 
A, +A.’ =pbd+a,’ — N/f, + a,’ (d—kd)/(kd—d’) 
’ (d—d’)/(kd—d’) + po bd — N/f, 
habia a,’ = M:2/f, (d—d’) and p, = Fk 
A, +A,’ = M./f, (kd—d’') + F.kbd/2f, —N 
From Eq. (17) and (18) 
M, = M — M, = N (e + d/2 — ad’/2) — K bd 
=4Nd(2e/d+1—-—g) —-%4F.k (1 — Vk) bd 
Substituting this expression into Eq. (28) 
tn 2 ad + iE = |... - .(29) 
2fs (k — g) fs 6(k —g) Te te 
wore throughout by F, b d/6 f, 
6 (A, 1,’) fe 3 N (2¢/d + 1 — g) k(3—k), 2, 6N 
Fobd ~ Febd(k—-g)  (k-g) F-bd 
Differentiating with respect to k 
Gf, 9(A,+ A,’) 6(A, + A,’) 8(nF, (1 — k)/k) 
Pod ak tll he 
SNG<é+i-@ _€-# [6-H -*)~ WD... 
F.bd (k — g)? (k — g)? ies 
To obtain the value of k for which (A, + A,’) is a minimum, d (A, + A,’)/dk = 0 
Substituting for A, + A,’ from Eq. (29), and substituting also f, = n F. (1—k)/k and 
n F./f, k? = 1/k(1—k) it follows that 
ee 3—k 3 se 6N 
; bdk (1—k) (k—g) | (1—k) (k—g) 1 —-k | OF. bdk (1—k) 
3N (2e/d+1—g) , [k (kK—g) +98 —h)] 
F.bd (k—g)? (k—g)? vis 


Multiplying throughout by k (1—k) (k nai “eA re-arranging 


al [ka —k) — (k—g)] + —— (9)? = 
ian ee tii +35 ll il 
3k (k—g)? (1—k+1) + k? (1—k) (k—g) + kg (1—k) 3—-) — kA) (k-9) 


1.€ 


= 


(28) 








A,+ A,’ = 





6N € d (k2—g) + 3 
“Febd * F 
3N 

+ —— (k—g)? = 3k(2—k) (k—g)? + k? (1—k) (k—g) 
F. bd 

+ kg (1—k) (8—k) — k (8—k) (k—-g) 

2.€., 

6 N é/d 


3N 
—— (k? — —g? — k* + gk? + k® — 2gk+g? 
F.ba + pay (9R9 + gk* +h 2gk +9") 


¥ (-k) k—9) + 2% Gg) 
od’ ili OF aati 


3N 

+ ba (k—g)? = k[ (k—g) (3 (2—k) (k—g) + k(1—k) ) 

+ (3—k) (g (1—k) — (k-g) ) J - 

which gives 

Febd g (I—k)? + (kg)? = 2 (Hg) e/a es 
N "kk [ (k—g) (k—k) + 3(2—k) (k—g) ) + B—k) GUA) — ¢&-»9)))°"" 
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Title No. 48-33 


Thermal Expansion of Aggregates and Concrete 
Durability® 


By EDWIN J. CALLAN} 
SYNOPSIS 


Differences in durability of concretes containing aggregates from the same 
source and similar concretes containing different fine and coarse aggregates 
are explained partially by differences in thermal expansion of the coarse 
aggregate and the mortar. Methods were developed to obtain simply the 
thermal coefficients for numerous aggregates. Concretes were tested in accel- 
erated freezing and thawing, yielding durability factors, DFE, for each combi- 
nation. The DFEs were statistically analyzed with the difference between 
the thermal coefficients of coarse aggregates and mortars, Ac, and coarse 
aggregate absorption, A, as variables. For 78 concrete combinations a relation 
DFE = 109.65 — 8.76 Ac — 15.22 A was developed with a correlation coeffi- 
cient of 0.719, which is highly significant. Thus, the durability of these con- 
cretes was reduced when the differential expansion of mortar and coarse aggre- 
gate increased. Stresses set up by such differential expansion and their effects 
on concrete durability are discussed: briefly. It is concluded that thermal 
effects of this type should be considered in choosing aggregates for highly 
durable concretes. The methods developed for determining coefficients of 
thermal expansion of coarse aggregate and mortar are described. 
INTRODUCTION 
Concrete durability factors 
Effects of thermal stresses have long been considered in the design of large 
concrete structures; usually based, however, on the properties of the concrete 
as a whole rather than on variations in thermal properties of its components. 
A few investigators such as Pearson,!* Meissner? and Hornibrook? have 
reported failures in concrete ascribed to unusually low coefficients of thermal 
expansion of the coarse aggregates, or to aggregate having a high degree of 
anisotropy with respect to thermal expansion. Except for these few references, 
little has been published on the effects of differential thermal expansion of 
the coarse aggregate and mortar on the durability of concrete. 
Concrete containing limestone coarse aggregates frequently has shown 
a high degree of resistance to laboratory freezing-and-thawing when sand 
manufactured from the limestone was used as fine aggregate; on the other 
hand, combinations of the same coarse aggregate with natural sands as fine 


aggregate have low resistance in many cases. 


*Received by the Institute July 7, 1951. Scheduled to be presented at the ACI 48th Annual Convention, 
Cincinnati, Ohio, February 26-28, 1952. Title No. 48-33 is a part of copyrighted JouRNAL OF THE AMERICAN 
Concrete Institute, V. 23, No. 6, Feb. 1952, Proceedings V. 48. Separate prints are available at 50 cents each. 
Discussion Gomi’ in triplicate) should reach the Institute not later than June 1, 1952. Address 18263 W. McNichols 
Rd., Detroit 19, Mich. 

Chief, Thevonl /—_—" and Field Durability Section, Concrete Research Division, Waterways Experiment 
Station, Corps of Engineers, U. 8. Army, Jackson, Miss. 
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A. LIMESTONE SAND MORTAR 4.7 
60 B. SILICA SAND MORTAR ¥e8 
C. LIMESTONE COARSE AGGREGATE 2.4 











RELATIVE DYNAMIC MODULUS OF ELASTICITY, PER CENT 
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FAST CYCLES OF FREEZING AND THAWING 


Fig. 1—Freezing and thawing test results for concrete specimens containing limestone coarse 
aggregate 


Studies were made at the Waterways. Experimént Station to determine 
the factors responsible for the deterioration of concretes in accelerated labora- 
tory freezing-and-thawing. Anomalous results for a number of concretes 
were obtained by customary routine methods for evaluation of aggregates. 
The concrete mixtures conformed to the standards established for the test; 
and no differences in making, curing, or exposure to freezing-and-thawing 
were observed. Routine tests indicated that all the aggregates were inde- 
pendently sound and suitable for use in concrete. The slight differences in 
cement factors and sand-aggregate ratios for the mixtures were not sufficient 
to account for the large differences in durability. Fig. 1 presents typical 
freezing-and-thawing test results for concretes containing limestone coarse 
aggregate with both manufactured limestone and natural siliceous fine aggre- 
gates. A major source of difference which might account for such variation 
in DF E* for similar limestone-limestone and natural sand-limestone concretes 
is the difference in coefficient of thermal expansion of the components of the 
concretes. To secure data necessary to confirm the suspicion that failure of 
concrete containing apparently sound materials was due to variations in 
thermal properties of the aggregates, several new techniques were developed 
for quick, accurate determination of thermal coefficients of expansion. 

The role of differential thermal expansion, 7. e., the difference in expansivities 
between mortar and coarse aggregate, in the darability of concrete is discussed 


*The DFE is the dynamic modulus of elasticity relative to the initial modulus, both determined by sonic 
methods, of concrete after 300 cycles of accelerated freezing and thawing if above 50 percent, or 50N /300° where 
N is the number of cycles of freezing and thawing at which the concrete reached 50 percent of the initial modulus 
if less than 300. 
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from the viewpoint of producing high stresses at aggregate-mortar interfaces, 
‘ausing cracking which leads to deterioration of concretes exposed to weather- 
ing influences. Rhoades and Mielenz‘* reached similar conclusions although 
primarily concerned with differences in coefficients of expansion between 
cement and aggregates, rather than between mortar and coarse aggregates. 
To assess this influence quantitatively, the effects of these thermal coefficient 
differences on the resistance of concretes to accelerated freezing and thawing 
were analyzed statistically. 

Thermal coefficient of expansion 

The determination of thermal coefficients of expansion of coarse aggregates 
is normally rather complicated and time consuming. The usual methods 
are to obtain the coefficient interferometrically, or by direct measurements 
using a comparator. In the interferometric method, used by Parsons and 
Johnson,® a piece of aggregate is cut into a complex shape, placed between 
optical prisms, and interference fringes of the pattern formed at different 
temperatures are counted. Direct measurements are also dependent on 
precise techniques, frequently requiring sensitive measuring arms and optical 
levers such as used by Willis and De Reus. These methods yield precise 
results, but are time consuming and permit testing only a few specimens at a 
time. 

A more rapid method for determining the thermal coefficients of expansion 
of coarse aggregate was devised and used in this investigation. Its advantages 
are the large number of determinations which may be made simultaneously, 
the relatively simple preparation of the specimens, the degree of accuracy 
(sufficient for all practical purposes) and applicability to many rocks which 
because of crumbly or fractured structure are difficult to handle by other 
means. The method is an application of the familiar SR-4 strain gage tech- 
nique used successfully in mechanical strain determinations. In these tests 
the strains determined are those due to thermal expansion of unrestrained 
specimens over a desired temperature range. 


Determination of thermal coefficient of expansion 

Resistance-wire strain gages are attached to slabs of rock, the specimens 
are placed in a controlled-temperature cabinet, and strain readings are taken 
at two temperatures with an SR-4 indicator. A compensating gage and an 
active gage are attached to a specimen of known thermal coefficient of expan- 
sion. The readings of these two gages are applied as a correction to the 
readings of the gages attached to the test specimens to compensate for vari- 
ations in ambient temperature, and changes in the resistance of the lead 
wires from this and other causes. The thermal coefficients of expansion are 
then computed from the corrected readings and averaged for a set of readings 
on the same specimen. The procédure is completely described in Appendix 1. 

In addition to determining thermal coefficients of expansion of coarse 
aggregates, coefficients had to be secured for the mortars used in the con- 
cretes. A simple method, consisting essentially of determining length changes 
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of mortar bars caused by temperature changes, was devised. Standard 
1 x 1 x 11%-in. bars of a standard mortar mixture were made using the 
various fine aggregates. After curing they were alternately immersed in 
water baths at different temperatures. Length readings were taken at equi- 
librium conditions, and coefficients of expansion computed from the length 
changes. The adopted procedure is presented in Appendix 2. 

Following the development of these techniques, coefficients of thermal 
expansion were determined for a number of aggregates and mortars, the 
concrete combinations of which had been tested in accelerated laboratory 
freezing and thawing. 


CONCRETE SPECIMENS 
Aggregate combinations 

For the statistical analysis, 78 concrete combinations, representing all 
aggregate combinations for which requisite data were available, were taken. 
The combinations were limited to those in which a single coarse aggregate 
had been tested in combination with several different fine aggregates for its 
resistance to accelerated freezing-and-thawing. These concretes are believed 
to constitute a representative cross section of what would normally be con- 
sidered well-designed mixtures containing good aggregates. Aggregates 
studied were basalt, limestone, syenite, and quartzite, with manufactured 
sands of these materials, and natural siliceous and glacial sands. Table la 
lists the 78 combinations with values for DFE and Ac, where Ac is the difference 
between the coefficients of expansion of the coarse aggregate and of the mortar 
per deg F. Listed in Table 2 are the fine aggregates and their absorptions 
and loss in percent after five cycles of the magnesium sulfate soundness test. 
Similar information for the coarse aggregates is presented in Table 3. 

Table 1b lists 19 aggregate combinations which are duplicates of several 
of those listed in Table la except that their curing period was 21 days instead 
of 9 days. Preliminary computations showed the combinations in Table 1b 
and the corresponding combinations in Table la to have almost identical 
behavior, statistically. Only a small difference in the correlation coefficient 
and no significant differences in emphasis of the effects of the longer curing 
period on the durabilities were developed. 

Therefore, the data derived from specimens cured for 21 days were elimi- 
nated from the final analysis, as they tended to increase the correlations and 
thus unduly emphasize the weight given to the relations developed among the 
variables considered. The average coefficient of thermal expansion for each 
coarse aggregate (Table 3) was calculated after inspection of the values of the 
coefficient for each orientation indicated that none of the materials tested 
showed appreciable anisotropy. The mortars were treated as essentially 
homogeneous materials; coefficients of thermal expansion for those used are 
given in Table 2. The thermal coefficients of expansion were determined 
over the range 35-135 F, and the freezing-and-thawing tests in the range 
0-40 F. Although the coefficients decrease with lowered temperature, the 
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TABLE 1—AGGREGATE COMBINATIONS TESTED BY FREEZING-AND-THAWING 
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ageregatet| Act | DFE 





§6. Limestone 
8. Limestone 
20. Syenite 

7. Limestone 
14. Limestone 


15. Limestone 
7. Limestone 
8. Limestone 
9. Limestone 
28. Siliceous 


12. Limestone 
23. Siliceous 
20. Syenite 
12. Limestone 
19. Glacial 


29. Siliceous 
15. Limestone 
17. Limestone 
6. Limestone 
10. Limestone 


22. Limestone 
27. — -eous 
18. Glacial 

10. Limestone 
11. Limestone 


5. Limestone 
». Glacial 

3. Siliceous 
1. Siliceous 
3. Limestone 


25. Siliceous 
19. Glacial 
29. Siliceous 
4. Limestone 
19. Glacial 


29. Siliceous 
24. Siliceous 
23. Siliceous 
29. Siliceous 


. Limestone 


15. 

7. Limestone 
8. Limestone 
15. Limestone 


8. Limestone 


10. Limestone 
10. Limestone 
. Limestone 
20. Syenite 

11. Limestone 


| 


. Limestone 3 
. Syenite 1 
. Limestone 2.4 
. Limestone 3.2 


. Syenite 
. Limestone 


. Limestone 
. Limestone 


a—Combinations tested in concrete after 9-day curing at 70 F 


Trap rock | 

Trap rock 0.8 

Trap rock 1.7 

Trap rock 0.8 
. Limestone 2.6 
. Limestone 2.1 
. Limestone 2.4 
. Limestone | 2.4 
. Limestone | 2.6 
. Syenite | 3.0 
. Limestone 0.9 


Trap rock 


toto os 
Noo > 


b—Combinations tested in concrete after 21-day 


21. Limestone 1.0 
20. Trap rock 2.6 
17. Limestone 2.7 
20. Trap rock 0.9 
13. Limestone 2.2 
3. Limestone 2.6 
6. Limestone 3.4 
7. Limestone 3.7 
20. Trap rock 1.9 
16. Limestone 2.2 
20. Trap rock 2.3 
17. Limestone 2.7 
22. Quartzite 1.7 
2. Limestone 2.6 
16. Limestone 2.9 
8. Limestone 4.8 
20. Trap rock 2.2 
16. Limestone 3.4 
9. Limestone 4.8 
18. Limestone 2.1 
8. Limestone 2.4 
20. Trap rock 0.8 
20. Traprock | 1.1 
9. Limestone 2.4 
5. Limestone 2.7 
20. Trap rock 0.9 
20. Traprock | 0.8 
20. Traprock | 1.7 
13. L imestone _ 2.2 








*For pertinent data on fine aggregates see Table 2. 


tFor pertinent data on coarse aggregates see Table 3. 
tAc = difference between coefficients of thermal expansion 


§Numbers refer to Table 2. 
**Numbers refer to Table 3. 


2. Limestone 
21. Siliceous 
23. Siliceous 
16. Limestone 
16. Limestone 


3. Limestone 
29. Siliceous 

. Limestone 
1. Limestone 
27. Siliceous 


29. Siliceous 
28. Siliceous 
26. Siliceous 
26. Siliceous 
28. Siliceous 


29. Siliceous 
2. Limestone 
24. Siliceous 
18. Glacial 
18. Glacial 


21. Siliceous 
24. Siliceous 
18. Glacial 

21. Siliceous 
28. Siliceous 





28. Siliceous 
28. Siliceous 
26. Siliceous 
29. Siliceous 
26. Siliceous 


9. Siliceous 
. Siliceous 
iceous 
. Siliceous 
4. Siliceous 





. Siliceous 
Siliceous 
Siliceous 
. Siliceous 





29. Siliceous 
29. Siliceous 
21. Siliceous 
21. Siliceous 
28. Siliceous 


29. Siliceous 
20. Syenite 

21. Siliceous 
29. Siliceous 





10. Limestone 
9. Limestone 
6. Limestone 
10. Limestone 
14. Limestone 


1. Limestone 
18. Limestone 
14. Limestone 
10. Limestone 
12. Limestone 


1. Limestone 
3. Limestone 
7. Limestone 
16. Limestone 
21. Limestone 


12. Limestone 
14. Limestone 
22. Quartzite 
6. Limestone 
7. Limestone 


1. Limestone 
5. Limestone 
j. Limestone 
>. Limestone 
13. Limestone 


1. Limestone 
20. Trap rock 
17. Limestone 
15. Limestone 
6. Limestone 


. Limestone 
Limestone 
. Limestone 
. Limestone 
. Limestone 


10. Limestone 
14. Limestone 
4. Limestone 
10. Limestone 


curing 

18. Limestone 
9. Limestone 
18. Limestone 
9. Limestone 
19. Syenite 


19. Syenite 
19. Syenite 
5. Limestone 
5. Limestone 
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of mortar and coarse aggregate x 10° per deg F. 


effect of this variation is believed to be negligible when extrapolated to the 


temperatures used in freezing-and-thawing. 
differences in thermal coefficients are used in the computations, 
ence which is used in the analysis directly as determined remains 


constant. 


This follows since only the 
and the differ- 
approximately 
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TABLE 2—FINE AGGREGATES 


Serial No. 


Type* 


Limestone 
Limestone 
Limestone 
Limestone 
Limestone 


Limestone 
Limestone 
Limestone 
Limestone 
Limestone 


Limestone 

Limestone 
Limestone 
Limestone 
Limestone 


Limestone 
Limestone 





Syenite 


Siliceous 
Limestone 
Siliceous 
Siliceous 
Siliceous 


Siliceous 
Siliceous 
Siliceous 
Siliceous 


ZAZLA LAZ2Z7 


manufactured sand; N 


TABLE 3—COARSE AGGREGATES 


Serial No. Type 





UL-1 ¢ Limestone 
UL-1 ¢ Limestone 
UL- . , Limestone 

AN-4G Limestone 
RD ra Limestone 


Limestone 
Limestone 
Limestone 
Limestone 
Limestone 


D-G-6 


Limestone 
Limestone 
Limestone 
Limestone 
Limestone 


Limestone 
Limestone 


18. CRD- G8. Limestone 
19. TUL-1 G-24 Syenite 

20. CRD-G-1 Trap rock 
21. TUL-3 G-7 Limestone 
22. KAN-4 G-1 (2) Quartzite 





Source 


Prairie du Rocher, III. 
Krause, 

Fort Gibson, Okla 
Fort Gibson, Okla. 
Fort Gibson, Okla. 


Alton, IIL. 
Bluestone Dam, 
Wolf Creek Dam, 
Depew, N. Y. 
Center Hill Dam, 


W. Va. 
Ky. 


Tenn. 


Fort Gibson, Okla. 
ow eg Me. 
Ste — . Bi 
Leroy, N ¥. 

Dale Hollow Dam, Tenn. 
Iron Mountain, Mo. 
Leroy, N. Y. 
Booneville, N. Y. 
Mt. Morris, N. Y. 
Little Rock, Ark. 


Mill Creek, C 
Osage County, 
Lancaster, N. Y 
Harlan County, 
Mississippi River, 


alif. 
Okla. 


Kan. 
Mo., 

Lake Erie Sand, N. Y. 

Limestone, Me. 

Van Buren, Ark. 

Hattiesburg, Miss. 


natural sand. 


Absorption, 
percent 


source 


Okla. 
Okla. 
| 


Fort Gibson, 
Fort Gibson, 
Fort Gibson, 
Kansas City, 


Center Hill fang Tenn. 
Depew, N. Y. 

Leroy, N. Y. 

Bluestone Dam, W. Va. 


Wolf Creek Dam, Ky. 
Krause, Ill. ; 


Alton, Ill. 
Limestone, Me. 
Fort Gibson, Okla. 
Falling Spring, III. 
Amazonia, Mo. 


Stafford, 

Leroy, N. 

Dale Holiow Dam, Tenn. 
Little Rock, Ariz. . 
New Haven, Conn. 


Okla. 
tiver, Kan. 


Osage Co., 
Saline 


Ill. 


Absorption, 


February 19592 


Coefficient of 
linear thermal 
expansion of 


Sulfate 


loss, 


percent percent mortar X 106 

per deg F. 
Rov 5.2 4.4 
1.8 5.0 4.4 
1.1 3.7 4.5 
oa 3.7 4.5 
1.1 3.7 4.5 
1.1 3.6 4.7 
0.5 3.2 1.7 
0.8 3.7 4.7 
1.6 3.4 4.7 
1.0 3.9 4.8 
1.3 6.0 4.8 
2.0 6.9 1.8 
1.3 3.0 1.8 
1.0 4.5 4.9 
1.3 2.5 5.0 
1.0 2.0 5.1 
1.3 3.5 5.4 
0.7 5.6 5.5 
1.¢ 10.5 5.5 
0.3 1.5 5.6 
1.2 6.9 5.8 
1.2 5.8 
1.4 9.5 6.0 
0.7 1.3 6.1 
0.8 4.7 6.2 
1.3 3.8 6.2 
2.3 7.0 6.5 
0.6 2.5 6.7 
0.5 3.2 7.0 

Average coeffi- 

Sulfate cient of linear 
percent thermal expan- 
loss sion X 10® per 
deg ¥ 

l 4.7 1.9 
1 1.7 1.9 
1 4.7 1.9 
5 20.8 1.9 
6 2.9 3.1 
4 1.8 2.1 
5 2.3 2.3 
5 1.2 2.3 
Ss 12.5 2.3 
5 11.0 2.3 
1 6.3 2.4 
2 3.8 2.4 
0 13.9 2.6 
6 10.1 2.6 
6 4 2.6 
7 2.3 2.6 
5 5.0 2.8 
8 1.3 2.9 
t 0.6 3.7 
5 OLS 3.9 
2 8.0 1.8 
9 6.0 5.4 
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In addition to computing thermal coefficients of expansion for all coarse 
aggregates and mortars listed in Tables 2 and 3, the soundness of the individual 
aggregates and the resistance to freezing-and-thawing of the concretes combi- 
nations were determined. 

The aggregates were tested in accordance with standard procedures for 
specific gravity, absorption and soundness by use of magnesium sulfate. 
Concrete mixture specifications 

The concrete specimens made with these aggregates were prepared from 
highly standardized and controlled mixtures. The mixtures conformed to 
the following requirements: (a) a constant water-cement ratio of 5.5 gal. 
per bag of cement, (b) consistency of 244- + %-in. slump, (c) cement factor 
chosen to meet consistency requirements and normally falling within the 
range 5.0-6.0 bags per cu yd, (d) air content of 4.5 + 0.5 percent, (e) coarse 
and fine aggregates of specified grading, with 1-in. maximum size and a ratio 
of sand to total aggregate between 36 and 42 percent by volume, (f) curing 
for 9 days at 70 F and 100 percent R. H. (except where 21-day curing period 
was desired for duplicate combinations, and (g) Federal Specifications SS-C-192 
Type II cement was used. Using such mixtures, three 314 x 4% x 16-in. 
beams were fabricated for each combination of coarse and fine aggregates. 
The beams were tested in the automatic freezing-and-thawing apparatus 
described by Wuerpel and Cook’ for 300 cycles, or until the average relative 
dynamic modulus of elasticity reached 50 percent of the initial modulus. The 
average DFE for the three beams of each combination is given in Table 1. 


STATISTICAL ANALYSIS AND RESULTS 
Preliminary correlation analysis 

Evaluation of the effects of various properties on the durability and the 
determination of the variables most responsible for the differences in DFE, was 
by correlation analysis. Standard statistical methods were used, such as 
those for multiple correlations found in Ezekiel.* 

The analysis of the data in Table la was based in part on results of prelimi- 
nary analyses of more limited groups of data which indicated the significant 
variables for computation, those which could properly be eliminated from the 
calculations, and the probable advantages of adding other variables. A 
preliminary analysis of data from 104 combinations of concretes all containing 
limestone coarse aggregates included the correlation of durability measured 
as DFE with five other variables: air content in percent, cement factor in 
bags per cu yd, absorption by the coarse aggregates, loss after five cycles of 
the magnesium sulfate test in percent for the coarse aggregates, and the curing 
period in days. Of the 104 combinations, 54 contained limestone fine aggre- 
gate and the remainder natural siliceous or glacial sands. The basis for develop- 
ing the relations was a multiple correlation analysis among these variables. 

It was easily perceived by inspection, and confirmed by the computations, 
that the correlations developed were much higher for combinations composed 
entirely of limestone aggregates than were those for the entire group of 
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concretes. This fact showed the marked effect of some variable or variables 
other than those used in the analysis. Since the natural fine aggregates were 
comparable in quality to the limestone fine aggregates, except for thermal 
properties, it was suggested that the effects of the variation in thermal proper- 
ties be quantitatively studied. The remaining 54 all-limestone combinations 
yielded on analysis a relation having a- multiple correlation coefficient of 
R = 0.891 which is highly significant.* This correlation showed also that 
under the rigidly controlled test procedures used, the effects of variation in 
air content, cement factor, and length of curing were very slight. For these 
concretes the major factors related to variation in durability were the absorp- 
tion and loss in the magnesium sulfate test of the coarse aggregates. However, 
according to K. Mather® and others, a high degree of correlation exists between 
absorption and sulfate loss. This intercorrelation leads to a slightly higher 
total correlation than would otherwise be the case, but partial correlations 
show that the effect of absorption is much greater than the effects of sulfate 
loss. The relations developed for the all-limestone combinations obviously 
were inapplicable where the fine aggregates consisted of natural sands, but 
were of use in indicating which variables were nonessential and could be 
discarded, thus simplifying further computations. 


Effect of thermal properties on durability 

To demonstrate the effect of thermal properties on durability, a choice 
of variables best expressing these properties was necessary. In analyzing 
the combinations in Table la, the variables finally chosen were the durability 
expressed as DFE, the difference in thermal coefficient values between coarse 
aggregates and mortars, Ac, and the absorption in percent, of the coarse 
aggregates. For ease in computation these variables are assumed to be 
linearly related to durability. Since this is not strictly true, the results yield 
a lower correlation than actually exists, but without changing the emphasis 
of the relations among the variables. The numerical results hold only for 
the concretes analyzed, but the coefficients of the derived regression equations 
may be used as a guide for other combinations, with a somewhat greater 
probability of error. Other variables such as air content and cement factor 
were not included because of their negligible effect in the range of the mixtures 
used. Correlation with other thermal properties, such as diffusivity, would 
be desirable but data regarding these properties were not available for a 
sufficient number of aggregates. Other differences believed to bear on dura- 
bility are particle shape and surface texture of the aggregates, but data on 
these properties are not available in a form suitable for numerical treatment. 
The analysis was thus restricted in scope. 

The 78 combinations used in the final analysis eliminate insofar as possible 
the effects of extraneous variables such as differences in air content and cement 
factor. Where duplicate combinations existed the concrete having closest 
~ In this paper, values for the correlation coefficient which correspond to a probability of chance occurrence of 


2 or less in 100 are designated as “‘significant;’’ those corresponding to a probability of chance occurrence of 1 
or less in 100 are designated as “‘highly significant.” 
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to the median range of air content was used in the analysis. Those combi- 
nations having other than 9-day curing periods were eliminated. The combi- 
nations containing limestone coarse aggregates were in most cases represented 
by more than one freezing-and-thawing test, consequently a single represen- 
tative test result, having an air content closest to the median value of 4.5 
percent, was used. Combinations of other types of coarse aggregate were 
in most cases represented by only one freezing-and-thawing test. 

Final analysis 

For the 78 combinations the derived regression equation is: 

DFE = 109.65 — 8.76 Ac — 15.22 X absorption (percent).......... SS 
The coefficient of multiple correlation for this relation is R = 0.719. This 
coefficient is highly significant, as demonstrated by comparison with the 
R = 0.20 coefficient necessary for a 0.95 probability that an actual correlation 
exists. There is a probability that the coefficient is excessively high but 
the true correlation of the suite is definitely not less than R = 0.60, which is 
sufiicient to show the reality of the general relation among the variables. 

To verify that for other sets of concretes the correlation coefficient is of 
the magnitude found, a rough analysis of 91 concretes was performed. These 
combinations included 58 of the 78 listed in Table la together with an addi- 
tional 33 Cuplicates of various of the combinations which varied principally 
in air contents and length of curing., The coarse aggregates were limestones 
with manufactured limestone sand and natural sands. The relation derived 
for these combinations yielded a correlation coefficient of R = 0.765, which is 
not greatly different from the 0.719 determined for the 78 concretes. This 
similarity in correlation coefficients leads to the placing of a higher degree 
of reliability on the probable correctness of the results. While exact only 
for the combinations analyzed, the relations are closely approximate for many 
other test concretes. 

The relations were further analyzed to determine the effects of the coeffi- 
cient differences and absorptions on the DFE’s. The partial coefficients of 
correlation were computed for the relationship between Ac and DFE and 
between absorption and DFE and were determined to be: 

Ac-DFE 0.5976 : Absorption—DFE 0.4705 

Thus the variable of those analyzed most affecting DFE is the difference 
between thermal coefficients of expansion of coarse aggregate and mortar. 
More than half of the variation in DFE accounted for by the relations given 
for the 78 combinations is directly attributable to this difference. The effect 
of absorption of the coarse aggregates is also far from negligible. Both of 
these partial coefficients are significant demonstrating the reality of the 
effects of these variables on DFE and showing that the relations are not due 
to chance. , ; 

Over half of the actual variation in durability may be explained by the 
variables Ac and absorption alone. This offers promise of assistance in deter- 
mining the proper aggregate combinations for use in concrete. Thermal 
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coefficients of expansion and absorption of the coarse aggregates are relatively 
easy to determine, and can offer valuable indications of the potential suit- 
ability of an aggregate combination. However, a DFE predicted by sub- 
stituting the test resuits in Eq. (1) above is merely a value at which an actual 
DFE either above or below it is equally probable. The standard error of 
estimate in DFE computed from Eq. (1) is 13.55, showing that predictions 
should not be made on the basis of the absorption and Ac values alone. Fig. 2 
is a comparison of actual DF E’s with the values derived from Eq. (1). The 
major value of the relation is its assistance in determining those combinations 
which require additional testing. 

Acceptance of combinations having an acceptable predicted DFE is not 
contemplated without actual freezing-and-thawing tests. While concretes 
without entrained air were not tested it is believed that the relative impor- 
tance of the effects of the variables on the DF E’s will be retained. The numeri- 
cal coefficients will change markedly because of the greatly lowered dura- 
bilities of concretes not containing entrained air, and the influence of the 
variables will be enhanced. 

A simplified analysis of the 78 combinations was also undertaken, using 
merely DFE and Ac as variables. The relation-obtained is DFE = 100.36 — 
10.16 Ac (Fig. 3), with a simple correlation coefficient of r = 0.6165 which is 
also highly significant. The linear relation between DFE and Ac, assumed 
for the analysis, is actually quite conservative, since the loss in durability 
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as measured by the DFE increases greater than linearly for increasing Ac. 
For the 78 concretes, there is no very significant intercorrelation between 
absorption and Ac, as demonstrated both by the near equality of the partial 
correlation coefficient and the simple correlation ratio for DF E-Ac, and by 
the actual partial correlation coefficient between absorption and Ac. 


PHYSICAL SIGNIFICANCE OF THE RESULTS 


Thermal stresses 

The statistical analysis demonstrates conclusively the major influence of 
the coefficients of thermal expansion of the aggregates on the durabilities of 
various concretes tested in accelerated freezing and thawing. The influence 
of absorption of the coarse aggregate on the quality of concrete has long been 
known and needs no detailed discussion. The effect of thermal expansion is 
little known, and a more detailed study is needed. 

Little is known of the stresses created at the boundary of one material 
embedded in a matrix of another material. With spherical inclusions, the 
problem has been more extensively studied than for other shapes. Pickett!® 
has shown that where a positive volume change takes place in a spherical 
inclusion, the radial and tangential stresses are approximately 

Sn ee el we gee,. (2) 
(1 + ») r' (1 + yw) r 
Where: 
S, = the radial stress in the matrix, psi. 
S, = the tangential stress in the matrix, psi. 


7 = the modulus of elasticity, psi. 
= the radial displacement of the inclusion, in. 
a = the initial radius of the inclusion, in. 
un = Poisson’s ratio (for normally saturated concrete this ratio may be taken 
to be 0.25). 
r = the radius at which the stresses are computed, taking the origin at the 


center of the inclusion, in. 

The maximum stresses occur at the interface between inclusion and matrix 
and amount to: 

; 2E 6 . E56 " 

S,max - - and S:max = ; wee (3) 

(1 + p)a : (1 + p)a 

The radial stress is compressive, and may safely be neglected in the considera- 
tion of the thermal effects. The tangential stress, being tensile, is far from 
negligible as a simple calculation shows. 

. ET Ac 

S;max = bid (4) 

(1 + pw) 


Where: 


6 , m 
—of Eq. (2) and (3) is replaced by T'Ac, 
a ™ 


T Ac= the expansion of the inclusion due to a temperature change of 7 deg F, 
where the difference between the coefficients of expansion of the matrix 
and the inclusion is Ac per deg F, and the other symbols retain the above 
meanings. 
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If one assumes Ac equal to 4.0 X 10-° per deg F, E equal to 5.0 X 10° psi, 
uw equal to 0.25, and 7’ equal to 50 F, the maximum tensile stress is 800 psi. 
This stress exceeds the tensile strength of many concretes and is sufficient 
to cause cracks. The values used are typical for many limestone-natural sand 
combinations. 

These formulas are derived for spherical inclusions in a matrix of large 
extent compared to the radius of the inclusion. Equations identical to Eqs. 
(3) are found for cylindrical inclusions in a similar matrix, with an additional 
equation S.max = S,max for axial stress. Since in actual practice these 
conditions are not met due to particle interaction and the lack of sphericity 
of the aggregate particles, the above relations are necessarily only approxi- 
mations. The actual stresses are normally greater than those calculated 
because of high stress concentrations at the angular edges of many particles. 
In many cases some lowering of the stresses takes place due to the plastic 
behavior of the mortar under high stresses. This has not been considered 
in this discussion, however, since the thermal shock of the freezing-and- 
thawing tests is sufficient to minimize plastic flow, keeping the mortar in a 
somewhat brittle condition. Other factors affecting the stresses such as the 
degree of saturation of the mortar, the effect of bleeding on interfacial bond 
and the elastic moduli of both mortar and aggregate have not yet been ade- 
quately studied. 

It is sufficient to state that the stresses created at the mortar-aggregate 
boundaries are sufficient to cause cracking and distress in concrete when sub- 
stantial differences between the thermal coefficients of expansion of coarse 
aggregate and mortar exist. When these tensile stresses are large and crack- 
ing occurs, the durability of the concrete suffers due to water entering the 
cracks and expanding upon freezing, thus further widening the cracks. The 
concrete thereby loses structural homogeniety, and with repeated cycles of 
weathering may break into pieces or show other signs of severe deterioration. 
A loss of bond may also occur when the temperature changes are reversed. 
When concrete in a structure has decreased from its maximum temperature, 
following heat evolution due to hydration, to its final temperature, marked 
tensile stresses between aggregate particles and the mortar may be set up. 
For example, an aggregate of high thermal coefficient of expansion will cause 
severe stresses in a less expansive mortar during this change leaving a greatly 
weakened bond condition, with consequent distress unless relieved by plastic 
flow. 

Maximum thermal effect 

The above effects are most marked where the aggregates have quite dif- 
ferent thermal expansions, particularly in the case of limestone coarse aggre- 
gates and natural sands. The system of limestone, limestone sand and natural 
sand is of much interest because of the widespread use of these materials in 
concrete construction. Many relatively pure limestones have thermal coeffi- 
cients of expansion in the range 2 to 3 X 10- per deg F, as determined both 
by Parsons and Johnson® and this study. Limestone-sand mortars normally 
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have coefficients in the range 4 to 5 X 10-° per deg F while most natural 
siliceous-sand mortars have coefficients near 6 X 10-° per deg F and higher. 
Similar results have been reported by Willis and De Reus.® The differences 
between coefficients of aggregate and mortars are usually about twice as 
large for the natural sand-limestone combinations as for the limestone-lime- 
stone sand combinations, and in conformity with the highly correlated inverse 
ratio of DFE-Ac, the durabilities of the former combinations in accelerated 
freezing-and-thawing are much lower than those of the latter (Fig. 3). 


Thermal coefficient of mortar 

Meyers! has shown that the thermal coefficient of portland cement, mortar 
and concrete, varies with time and moisture content among other things. 
The tests prescribed above for determining the thermal coefficient of mortar 
have been standardized to be performed at 7-day age, in a saturated con- 
dition. These factors lead to low coefficients for the test mortars as compared 
with the actual mortars in many concretes not subject to continued curing. 
Therefore, Ac, determined by the methods of Appendix 1 and 2 is lower and 
the results are conservative for a variety of normal concretes. 

Since the coefficient of expansion of a neat cement paste composed of the 
cement used in all tests was 6.5 X 10-° per deg F, it can be seen that for lime- 
stone-sand mortars, the lower the cement factor the lower the Ac when these 
mortars are used in combination with limestone coarse aggregates. It is 
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advantageous therefore to use a low cement factor in such mixtures. With 
siliceous sands, the effect of a lowered cement factor is not so great because 
the difference between coefficients of sand and cement is slight, but a lower 
cement factor produces less temperature rise, and consequently less expansion, 
which is desirable to lower the bond stresses. To minimize the differences in 
coefficients, it is generally desirable to use sands manufactured from the 
coarse aggregates, particularly when the coarse aggregate has a low coefficient 
of expansion. The use of natural sands in combination with limestone coarse 
aggregates should be questioned until tests or service records demonstrate 
the suitability of the particular concrete mixture proposed. 

The effects due to thermally anisotropic aggregates have not been included 
in this study, since it was found that none of the aggregates possessed such 
anisotropy to any considerable degree. Use of the average thermal coefficient 
of expansion was justified for the aggregates selected, but the possibility of 
distress due to anisotropy should be considered. The possible effects of 
variation in thermal diffusivities have not been studied, principally due to 
lack of sufficient data, but they are believed to be much less significant than 
the effects due to thermal expansion. For a more detailed survey of this 
problem, see Weiner.!! 


CONCLUSIONS 


The series of tests and analyses described indicate the relation of thermal 
properties of the aggregates to the resistance of concreté to accelerated freez- 
ing-and-thawing. Where the difference between coefficients of expansion 
of coarse aggregate and mortar is large the durability of the concrete may be 
considerably lower than would be expected from the quality of the aggregates 
as determined by the usual tests. It is suggested that not only must the 
individual properties of the aggregates and cement be determined, but the 
actual concrete mixture must be tested to preclude the use of aggregate 
combinations with high thermal differential. In general, the accelerated 
freezing-and-thawing test serves as a valuable indicator of the presence of 
this phenomenon. Where facilities are lacking for this test, however, the 
thermal coefficients of both coarse aggregate and mortar may be determined 
and differences between these coefficients in excess of 3.0 & 10°° per deg F 
should lead to caution in the choice of the aggregate combination; further 
testing, by freezing-and-thawing of concrete, should be performed prior to 
its acceptance. The tendency exemplified in these tests toward lowered 
durability is found particularly in limestone coarse aggregate concretes in 
which natural siliceous fine aggregates are used. 

The test for the determination of thermal coefficients for coarse aggregate 
and mortar is rapid and economical. Even where large differences in the 
thermal coefficients of the aggregates are not expected, as when sands manu- 
factured from the coarse aggregates are used, it is advisable to perform these 
tests to prevent possible undesirable properties in the concrete due to the 
use of thermally anisotropic aggregates. 
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APPENDIX 1 


DETERMINATION OF COEFFICIENT OF THERMAL EXPANSION OF COARSE 
AGGREGATE 


The samples of rock are sawed on a diamond cut-off wheel into slabs about 14x 1%x 4 
in. These slabs are cut parallel to three mutually perpendicular planes from a single piece of 
rock (Fig. 4). Whenever possible one of these planes is a major structural plane of the rock. 
By mounting strain gages on these slabs the coefficients are obtained for three mutually 
perpendicular directions, revealing any anisotropic behavior of the rock. After rinsing in 
acetone, to remove all traces of the cutting oil, two resistance-wire strain gages are cemented 
to each slab using Duco No. 5458 cement. The gages are placed parallel to each other along 
the desired orientation on the face of the slab. A weight of about one pound is placed upon 
the gages to insure bond and prevent curling, and the prepared slabs are then cured for 24 
hours at room temperature. No further polishing of the surfaces after cutting is necessary 








500 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE February 1952 


Fig. 4—Orientation directions for strain gages 
on three mutually perpendicular specimens as 
sawed from a sample of rock 








or desirable for best results. For specimens of the size described, the standard type A-1 gage 
is suitable. The gages are not reclaimed after use. 

After curing, the prepared slabs are mounted in an unrestrained condition on a panel board 
(Fig. 5). The gage lead wires are attached to binding posts set into the panel and connected 
through a multiconductor telephone cable to silver-contact, 11-point, 3-bank selector switches. 
Fig. 6 is a wiring diagram of the installation. The switches are in turn wired to an SR-4 strain 
indicator. Using two panels with the necessary switches, 72 gages may be read in approxi- 
mately 10 minutes. Thus 36 slabs or 12 individual rock types may be tested simultaneously. 
These panels are placed in a controlled-temperature cabinet, operated between 35 and 135 
F and at a very low relative humidity. Inside the cabinet, in addition to the specimens, a 
compensating and an active gage are mounted on a quartz crystal in the direction parallel 
to the c-axis of the crystal and connected to the SR-4 indicator in a manner similar to the 
specimen gages. : 

In testing, the temperature of the cabinet is lowered to 35 F and allowed to come to equi- 
librium as determined by reading of thermocouples located at various points within the cabinet. 
Strain readings then are taken of all gages by switching individually into the SR-4 indicator 
circuit. After completing the readings the temperature is raised to 135 F and at equilibrium, 
readings are again taken. The process is repeated for several cycles. Fig. 7 is a view of the 
cabinet with control panel and the panel containing the strain indicator, switch box and 


potentiometer. 


Fig. 5—Arrangement of test 
specimens with attached strain 
gages on panel board as placed 
in controlled-temperature cabinet 
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Fig. 6—Wiring diagram for test 
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The thermal coefficients of expansion for each slab are obtained from the strain readings. 
Provided there are no influences other than temperature effects, the difference between the 
readings of the active and compensating gages attached to the quartz crystal should be zero. 
However, there may be changes in the resistance of the lead wires due to changes in ambient 
conditions or in other components of the circuit. To compensate for these, the differences 
actually found between these gages are used as correction factors for the readings of the speci- 
men gages. They are algebraically subtracted from the differences in readings of each speci- 
men gage at 35 F and 135 F. To the corrected readings for the specimen gages, the known 
thermal coefficient of expansion of the quartz crystal in the direction of its c-axis (4.3 & 10-6 
per deg F) is likewise added, thus giving the corrected strain for each slab for the temperature 
difference between the two readings. The following formula is used for these computations: 

_ (4.8aT — A, +4, 
AT 





where c = linear coefficient of thermal expansion, X 10-° per deg F 
4.3 = linear coefficient of thermal expansion for quartz along the c-axis, X 10-* per deg F 
AT = temperature difference between successive readings, deg F 
Ay = difference between successive readings of compensating gage, in. X 10-° per in 
Ax = difference between successive readings of specimen gage, in. X 10-® per in. 
The linear coefficient of thermal expansién is then equal to the corrected strain divided by the 
temperature difference. The coefficients so computed are averaged fc 1 the two gages on each 
slab for about ten readings per gage. This average is the linear coefficient of expansion of the 
rock in the direction in which the gages are mounted. These coefficients are averaged for 
the three directions giving the over-all coefficient of thermal expansion of the material. 
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Fig. 7—General view of testing installation showing controlled temperature cabinet and in- 
strument panel 


To verify the assumption, inherent in this method, of equal electrical behavicr for each 
switch point and lead wire, and to determine the accuracy cbtained, a set of specimens of 
various materials was prepared and tested according to the procedure given above. Table 4 
compares the values for these specimens with handbook values. The accuracy of the method 
is believed to be within five percent which is quite sufficient for the desired purposes. 

This degree of accuracy, together with the large number of specimens which may be tested 
simultaneously and the rapidity of operation, makes this method well suited for-determinations 


TABLE 4—COMPARISON OF VALUES OF COEFFICIENT OF THERMAL EXPANSION 
OBTAINED BY USE OF STRAIN-GAGE METHOD WITH VALUES DETERMINED BY 
OTHER OBSERVERS* 


Coefficient of expansion X 10° per deg F 


Material Strain-gage method Other observerst 
Copper 9.7 9.3 
Aluminum (commercial) 13.0 13.3 
Brass 10.3 10.4 
Cast iron 5.8 ‘ 5.9 
Glass (soft) 4.4 4.6 
Soft iron 6.7 6.7 
Lead 15.4 15.1 


*These comparisons are only approximate due to possible differences in composition of materials tested. 
tHandbook of Chemistry and Physics, 25th Edition, 1941, Chemical Rubber Publishing Co., pp. 1644-50, 
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of coefficient of expansion of aggregates. The complete testing of 12 rock types per week may 
be accomplished without difficulty. The degree of skill and the equipment required afford 
wide utility to the method, and for a given time allow a much greater amount of data to be 
accumulated than do other methods. 


APPENDIX 2 
DETERMINATION OF COEFFICIENT OF THERMAL EXPANSION OF MORTAR 


The specimens used are 1 x 1 x 111%-in. bars, made from a standard mortar mixture, 
with invar inserts embedded at the ends te give an effective axial gage length of 10 in. A 
standard mortar mixture was developed on the basis of a series of tests and consists of 564.0 
g of cement; 1300.0 g of test sand;* and 274.6 ml of water. To validate the use of such a 
mixture for all sands, tests were conducted on mortars varying up to 25 percent in sand con- 
tent, and with from 0.0 to 1.0 ml of air-entraining admixture added per batch. These are 
much greater variations than those in the concrete mixtures from which specimens are made 
for freezing-and-thawing tests. The results of these tests on mortar bars are given in Tables 
5 and 6. They show that no significant differences are produced in thermal coefficients of 
expansion of bars made from mortars as a result of variations in sand or admixture content 
over the ranges indicated above. Therefore, a standard mortar may be used for all tests. 
The mixture selected was that which gave most satisfactory workability when either natural 
or manufactured sand was used. The mixing procedure is that of paragraph 8b of ASTM 
Method C 109, “Standard Method of Test for Compressive Strength of Hydraulic-Cement 
Mortars.”’ The bars are cast in molds as described in ASTM Method C 151, “Standard 
Method of Test for Autoclave Expansion of Portland Cement.’”’ The bars are hand-tamped 
into the molds, cured at 70 F and 100 percent relative humidity (R. H.) for 24 hr, stripped 
and further cured under the same conditions to an age of 7 days. 

*Graded as follows: 

Sieve No. 4 No. 8 No. 16 No. 30 No. 50 No. 100 


Percent passing 95-100 85-95 75-85 35-55 12-17 3.0-4.5 


TABLE 5—COEFFICIENTS = EXPANSION OF MORTARS* WITH VARYING 
MOUNTS OF SAND 


¢ voefficient x 106 deg F 


Sand, g — 
Sand At Sand BY “Band Ct Sand Dt 
1150 5.49 6. 17 4.76 6.95 
1200. . 5.58 6.15 4.82 7.02 
1250. 5.55 6.26 4.87 7.09 
1300 5.46 6.14 4.86 7.07 
1350 5.49 6.19 4.386 7.03 
1400 5. 6.12 4.81 7.07 


*All mortars cont sined 576. 0 gz cement, 274.6 ml water 
t+Natural sands (glacial and siliceous) 
{Manufactured limestone sand 


TABLE 6—EFFECT OF AIR-ENTRAINING ADMIXTURES ON COEFFICIENT 
THERMAL EXPANSION OF MORTARS 





Air-entraining Coefficient x 10° per deg F 
admixture, ml | amid — 
Ne aturs ural sand mortar a Limestone sand 1 mortar 


s 


0 7.0* ~ 4.81 
0.05 6.79 4.79 
0.10 6.85 4.77 
0.20 6.69 4.87 
1.00 6.87 4.88 





*Made separately 
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At 7-day’s age the mortar bars are placed in a constant-temperature bath maintained at 
135 F for 15 minutes, long enough to allow the bars to come to equilibrium. They are then 
removed individually from the bath, placed in a dial-gage comparator, and a reading taken. 
This entire operation is completed within 15 seconds after removal from the bath, which is 
rapid enough so that no appreciable loss of temperature occurs along the major axis of the 
bar. The bars are then placed in a second constant-temperature bath maintained at 35 F for 
15 minutes. The procedure is repeated and readings taken. The difference between readings 
taken at 135 and 35 F is divided by the product of temperature difference times gage length, 
to give the linear coefficient of expansion. The coefficients obtained for at least five cycles 
are averaged, and then averaged for three bars of the same mortar to give the thermal coeffi- 
cient of expansion of the mortar. 

The accuracy of the method is of the same order as the strain-gage method for coarse aggre- 
gate, normal inaccuracies in placement of inserts and time lag readings being essentially 
negligible. At present 24 bars may be tested simultaneously, permitting the determination 
of thermal coefficients of expansion of eight different mortars per day. 
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Discussion of a paper by Edwin J. Callan: 


Thermal Expansion of Aggregates and Concrete 
Durability* 


By D. L. BLOEM and STANTON WALKER, R. E. GLOVER, 
T. F. WILLIS and F. V. REAGEL, and AUTHOR 


By D. L. BLOEM and STANTON WALKERT 


The data presented by:Mr. Callan show what appears to be a significant 
statistical correlation between resistance of concrete to a laboratory freezing 
and thawing test and differences between thermal coefficients of coarse aggre- 
gate and mortar. It is concluded that combinations in which the thermal 
coefficients of mortar and coarse aggregate differ by more than 3.0 x 10-° 
per deg F should be viewed with suspicion. It is believed that the question 
of whether or not that conclusion is applicable to concrete in actual service 
should be examined more closely in the light of the test data and conditions 
of test. 

There is always a danger, as Mr. Callan himself has stated elsewhere,! 
that relating of variables by statistical analysis may lead to misinterpretation 
of their significance if one of the variables happens to reflect the effect of 
another factor which has not been considered. That appears to be a possi- 
bility in this case. Our studies of Mr. Callan’s data show a good relation- 
ship also to exist between durability factor of concrete and the thermal co- 
efficient of mortar, completely without regard to any characteristics of the 
coarse aggregate. This is expressed by 

DFE = 137.42 — 11.68¢» 
where ¢,, is the thermal coefficient of mortar as determined under the se- 
lected test conditions. The simple correlation coefficient for this relation- 
ship is 0.52 which is not greatly, less than the value of 0.6165 shown for the 
relationship between DFE and Ac to which the author attributes so much 
significance. 

The above analysis strongly suggests that, for these particular data, there 
was a close relationship between Ac and cy. The data show that 

= 0.9408 c,, — 2.4454 
and that the correlation coefficient for this relationship is 0.70. Table 3 
of Mr. Callan’s paper reveals why this is so. Of the 22 coarse aggregates 
selected for study, only two had, thermal coefficients greater than 3.9 « 10-6 
*ACI Jou RNAL, Feb. 1952, Proc. V. 48, p. 485. Disc. 48-33 is a Part of copyrighted JOURNAL OF THE AMERICAN 


Concrete Institute, V. 24, No. 4, Dec. 1952, Part 2, Proceedings 


tAssistant Director of Engineering and Director of E nemouins. respectively, National Sand and Gravel Assn. 
and National Ready Mixed Concrete Assn., Washington, D. 
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per deg F and these were used in only three of the 78 concretes for which data 
were analyzed. Since the thermal coefficients of practically all of the coarse 
aggregates were quite low and covered a narrow range (only 2.0  10-° per 
deg F for 75 of the 78 concretes), it follows that variations in Ac were.a 
reflection almost entirely of the changes in thermal coefficients of mortar. 

Unfortunately, the data analyzed by Mr. Callan do not include thermal 
coefficient measurements of the concrete itself. However, it has been shown?:3 
that the thermal coefficient of concrete is a direct function of the thermal 
coefficients of its ingredients. Therefore, because of the limited range in 
thermal coefficients of coarse aggregate in this case, it would be expected 
that the thermal coefficients of concrete would vary regularly with those of 
the mortars used. The data, then, show rather conclusively that resistance 
to rapid freezing and thawing in these tests was related to at least three 
variables connected with thermal properties: (1) difference in thermal co- 
efficient between coarse aggregate and mortar, as demonstrated in the paper; 
(2) thermal coefficient of the mortar alone; and (3) thermal coefficient of the 
concrete. Since, as has been shown, these variables were closely interrelated 
in this case, the problem reduces to selecting the one which most significantly 
influenced resistance to rapid temperature changes employed in the tests. 

The stress analyses shown by Mr. Callan appear to offer convincing support 
for No. 1. The formula used indicates that, for a Ac of 4.0 * 10-® per deg F 
and a temperature change of 50 F, the theoretical tensile stress would be 800 
psi. Note, however, that under these conditions the differential strain de- 
veloped between the mortar and coarse aggregate is only 0.0002 in. per in. 
It appears to follow, according to the formula, that any phenomenon which 
would cause a differential strain of 0.0002 or more would result in excessive 
stresses in the mortar. What then of other volume changes such as those re- 
sulting from variations in moisture content which are characteristic of al! 
concretes? It has been shown that a change in moisture of one percentage 
point may cause a length change of as much as 0.0002 in. per in. and that, 
therefore, moderate cyclic moisture changes can easily account for length 
changes of 0.0006 in. per in. or more in the mortar. Since the coarse aggre- 
gate volume would be affected little by change in moisture, the resultant 
tensile stress (for the E of 5 X& 10-® psi assumed in the ¢alculation) would be 
2400 psi or three times as large as that resulting from the rather large tem- 
perature change and difference in thermal coefficient used in the author’s 
calculation. Since concrete withstands moisture changes of considerable mag- 
nitude and frequency, usually without distress, it appears that some sort of 
plastic deformation must serve to relieve the stresses theoretically developed. 
There seems no reason to suppose that much smaller stresses resulting from 
differential thermal volume changes would not be similarly relieved. 

The formula for theoretical tensile stress resulting from differential thermal 
expansions 
ET Ac 


S,; max. = 
(1 + pw) 
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presents some further difficulties. It shows stress to be independent of particle 
size. Why, then, be more concerned about differences between thermal 
coefficients of coarse aggregate and mortar than between fine aggregate and 
cement paste? In both cases the failure must occur ultimately in the cement 
matrix and adjustments due to plastic flow would be expected to be about 
equal. Since the thermal coefficient of hardened cement paste almost always 
exceeds 6 X 10-° per deg F, it would appear to be impossible to produce a 
mortar with a low coefficient fine aggregate that would not develop excessive 
stresses upon temperature change. Such combinations are, of course, suc- 
cessfully used, as are combinations of mortar and coarse aggregate differing 
widely in thermal coefficient. The evidence, therefore, indicates that con- 
crete can adapt itself to differences in volume change characteristics of its 
ingredients. Differences in, thermal coefficient do not appear to have been, 
in themselves, a major factor in resistance to temperature changes in these 
tests. 

What, then, of the other two possible factors—thermal coefficients of 
mortar and concrete? For the data in question, both of these can be con- 
sidered essentially the same since they were so closely related. Tests re- 
ported by Walker, Bloem and Mullen,?:* which were made for the specific 
purpose of evaluating effects of thermal! characteristics, showed that resist- 
ance of concrete to rapid temperature changes was progressively reduced 
as the thermal coefficient of concrete was increased. No relationship was 
found between resistance to temperature changes and differences between 
thermal coefficients of coarse aggregate and mortar. It was concluded that 
rapid temperature changes resulted in steep temperature gradients within 
the specimens with resultant differential length changes at different depths. 
The magnitude of induced stresses would depend upon the thermal coefficient 
of concrete and account for the differences in resistance. 

In the tests reported by Mr. Callan, a similar situation appears to have 
existed. Although thermal coefficients of the concrete were not measured, 
the good relationship between DFE and thermal coefficient of mortar suggests 
that resistance to rapid temperature changes was a function of the thermal 
coefficient of conerete. The relationship found between DFE and Ac can 
be assumed to be secondary and to have resulted from the close correlation 
between Ac and thermal coefficient of concrete for the range of variables 
selected for study. 

Finally, it must be kept in mind that the conditions of test were such as 
to accentuate the effects of concrete thermal coefficient on measured resist- 
ance to temperature changes. Temperature changes were very rapid, re- 
sulting in steep temperature gradients within the specimens and large dif- 
ferential strains—a factor of particular importance when tensile stresses are 
induced in the surface, as in the rapid freezing’ cycle. In most field exposures 
it is unlikely that temperature differentials would be of sufficient magnitude 
to cause these excessive strains in the concrete. 
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By R. E. GLOVER* 


? 


In his paragraph on “Thermal Stresses” the author presents formulas 
for computation of radial and tangential stresses adjacent to the boundary 
of a spherical inclusion (Eq. 3). He then states that the radial stress is com- 
pressive and may safely be neglected but that the tangential stress, being 
tensile, is not negligible. The writer would object to these statements be- 
cause the coefficient of thermal expansion of aggregate could be either less 
or more than that of the matrix and because the temperature change could 
be either an increase or a decrease. In two of the four combinations which 
these possibilities would provide, the author’s statement would be true but 
in the remaining two, the conditions would be reversed. Radial tensile 
stresses and compressive tangential stresses would then be present. 

The author’s Eq. 4 appears to be obtained from the second of Eqs. 3 by 
introducing the assumption that the interference produced by a temperature 
change acting on the difference of the thermal expansions of the inclusion 
and the matrix occurs without modification due to the mutual restraints 
which the inclusion and the matrix exert upon each other. By including 
these mutual restraints, the writer has obtained the relations 

a ia cess ns vn svdns vn tna vaenvddvonsunseuaiiol (1) 

(1 + pe) (1 — 21) 
“2 ” 
T(C: — Ci) 
(+m) | 20 — 2m) 
E.  #B 





S, = 





The author’s notation has been followed as closely as possible in presenting 
these expressions but with the understanding that S, and S; are positive if 
tensile. The subscripts 1 and 2 refer to the inclusion and to the matrix re- 
spectively. The quantity C represents the thermal coefficient of expansion, 
which is positive if an increase of temperature produces expansion. The 
temperature change 7 is positive if it represents a temperature rise. 


For the special case discussed by the author where 


ee aa A ec wg ice A aed OR OEM ORES Eee eee He wie WAe ee ee we ke k's . (3) 
PMN Me 25a a ay ww ack re “org nee eC GOR eee gi Kors SA ee Pte Paral octane he dla .. (4) 
The expressions became - 
ET(C. —C 
ee hecdeascel lid aes ll alae (5) 
(1 — n) 


*Bureau of Reclamation, Denver, Colo. 
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S=--% ET(C; — C;) 

Te 
With » = 0.2, the tangential stress given by this last expression would 
be numerically one half that given by the author’s Eq. 4. The radial stress 
would be numerically twice the tangential stress but of opposite sign. 

The writer concludes that radial tensions are possible, that they have an 
intensity which is approximately twice that of the corresponding tangential 
stresses, and that their effectiveness in producing disruption of concretes 
subjected to temperature changes could exceed that of the tangential stress 
components. 


By T. F. WILLIS and F. V. REAGEL* 


Mr. Callan’s subject is.one that has for some time intrigued a number of 
concrete technologists. ‘The general tenor of the ideas offered in the past 
suggested that “‘thermal incompatibility” of the constituents of concrete, 
i.e., a difference between the thermal coefficients of expansion of (a) the 
paste and fine aggregate, (b) the paste and coarse aggregate, or (c) the mortar 
and coarse aggregate, might be a major factor in determining concrete dur- 
ability. Prior to publication of Mr. Callan’s paper the idea was presented 
as an hypothesis, and the small amount of accompanying experimental evi- 
dence was offered as only an indication, not proof, of its validity. 

Although the present writers are not certain of the author’s intent, we 
believe the paper might be construed by many readers as purporting to 
prove one facet of the hypothesis; namely that the difference between thermal 
coefficients of expansion of mortar and coarse aggregate (designated Ac in the 
paper) has a decided effect on the durability of concrete in service, regardless of 
the mineralogical types of the aggregates. 

If the effect of Ac on the durability of concrete has been removed from 
the hypothetical category and placed in that of proven facts by Mr. Callan’s 
paper, there has occurred an event of considerable significance}—not only 
to the concrete industry but to the aggregate industry as well. It could 
cause a change in the thinking of concrete technologists and work radical 
changes in the economics of the aggregate industry, imposing the threat of 
extinction on a considerable segment of the latter. On this score alone the 
paper warrants careful study. Furthermore, an element of doubt as to the 
existence of a true correlation between durability of concrete and Ac was 
injected into the writers’ minds by actual service records of concrete struc- 
tures, as contrasted with laboratory tests. When we considered our studies 
of 20 to 30 year old Missouri pavements, together with our knowledge of the 
thermal coefficients of various aggregates used and the indicated values of 
Ac, we were immediately faced with two facts which tended to negate the 
Ac hypothesis: ° 
~ @Respectively Chief of Research Div. and Engineer of Materials and Research, Missouri State Highway Dept., 
Jefferson City, Mo. 

+Throughout this discussion when the words “significant, significantly, and significance’ are uncapitalized, 


they carry only their ordinary meaning; if capitalized they carry the additional connotation ‘as determined by 
standard statistical tests.” 
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(1) We have about 100 miles of pavement in one section of the state, all of which con- 
tains the same fine aggregate, a highly siliceous material colloquially designated as 
“flint.”” This is a manufactured fine aggregate obtained by crushing larger pieces. 
About one-half of this pavement mileage contains 2-in. crushed limestone as coarse 
aggregate and the other half contains 2-in. crushed flint, the parent material from which 
the sand for the entire mileage was manufactured. Ac for the flint sand-limestone con- 
crete would be about 3.5; for the flint sand-crushed flint concrete it would be about 0.2 
to 0.5. The difference in deterioration ascribed to weathering, both in rate and quan- 
tity, has been marked. But the difference does not conform to Mr. Callan’s hypothesis; 
in fact it is in exactly the opposite direction. The performance of the flint sand-limestone 
concrete has been outstandingly good; whereas that of the flint sand-crushed flint con- 
crete has been generally poor. 
(2) In this state there are about 3000 miles of pavement 20 or more years old all of 
which contain natural sands composed primarily of siliceous material. About 60 per- 
cent of this mileage contains various limestone coarse aggregates having thermal co- 
efficients ranging from 2.5 to 4.3 X 10-6. These combinations would have Ac’s of 2.5 to 
1.0. Without exception, where sections of such pavement are comparable as to service 
conditions with other sections whose aggregate combinations would result in lower Ac’s, 
the former have shown materially less deterioration due to weathering. 
For these reasons the writers have considered the data of the paper, together 
with the conclusions and implications, with more than ordinary interest. 

Because the author’s idea of the scope of applicability of his conclusions 
is not clear to the writers, this discussion is divided into three phases. Each 
successive phase covers a discussion of the justification for applying certain 
of the author’s conclusions to successively broader ranges of the problem of 
selection of aggregates for durable concrete and of predicting durability from 
laboratory freezing and thawing tests. 


PHASE | 


Assuming that the author intended his conclusions to apply only to the 
specific concretes and aggregate combinations used in the experrment, and to the 
deterioration measured by DFE and caused by the extremely accelerated freezing 
method used, is he justified in concluding that the DFE is significantly affected 
by Ac? 

Mr. Callan’s conclusion is based on results of his statistical analysis. The 
fundamenta! equations used for calculating regression equations, correlation 
coefficients, and tests of-the Significance of both, were originally derived 
under certain well defined limitations pertaining to the universe of data 
and the manner of selecting variables. .If, in an actual experiment, the data 
do not conform approximately to the limitations assumed for the basic equa- 
tions, a calculated correlation coefficient may be without practical significance 
—even though its numerical magnitude may indicatedt to be highly Significant. 
There are several points at which Mr. Callan’s data diverge widely from 
some of the assumed limitations. To explain these divergences and their 
effects would require an involved exposition’ of theoretical statistics, a task 
which the writers would approach with some reluctance. 

A few calculations, using the author’s data, and a little deductive reasoning 
should indicate the degree of significance that can be attached to the multi- 
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ple correlation coefficient, Rprg, Ac, percent absorption, ON the high value of which 
the author bases his conclusion. With the hope of making the implication of 
this phase clearer to the reader, we shall adopt the artifice of supposing that 
we had had access to Mr. Callan’s experimental data but not to his inter- 
pretations. After due deliberation we select c», (thermal coefficient of mortar) 
and percent of absorption of the coarse aggregates as the measured variates 
most apt to determine the magnitude of DFE. Next we calculate a regression 
equation and multiple correlation coefficient with the results shown in line 
2 of ‘Table A. Using Mr. Callan’s criterion of less than 1 in 100 chances that 
a random sample of 78 items from an uncorrelated universe would show a 
value as high as was obtained, we may regard the correlation as highly Signifi- 
cant. 

However, any correlation coefficient may have a magnitude which indi- 
cates it to be significant in a statistical sense, but the correlation may be 
illusory rather thai seal. Therefore, consideration must be given to other 
possibilities before we may categorically accept the evidence for this tenta- 
tive conclusion. 

Study of the author’s sampling design shows us that of the 78 concretes 
tested, the 25 concretes with mortar thermal coefficients in the lower third 
(4.4 to 5.2 X 10° inclusive) of the entire range all contained limestone fine 
aggregate; and the 28 concretes with mortar coefficients in the upper third 
(6.2 to 7.0 * 10-° inclusive) all contained siliceous fine aggregate. Of the 
remaining 25 concretes, with mortar thermal coefficients in the middle third 
of the range, some contained limestone, some siliceous, and some miscel- 
laneous fine aggregates. For a calculated regression equation and correlation 
coefficient, the points near the extremes of the range of the independent 
variable will usually have a much greater effect on determining the constants 
than do the points near the center of the range. That the central points of 
the author’s data do not materially affect the regression line was checked 
by eliminating the concretes having mortar thermal! coefficients of 5.3 to 
6.1 X 10-° inclusive and calculating a regression equation (relating DFE to 
thermal coefficient of mortar and absorption percentage of coarse aggregate) 
with the result shown in line 4 of Table A. It is obvious that the constants 
of this equation and the correlation coefficient are not Significantly different 
from those of the equation which was based on all the data. 

Thus the regression equation (DFE — c», — percent absorption) and the 
multiple correlation coefficient based on all the data is probably determined 





TABLE A 
‘ es ee ee Correlation 
Line No. Variates involved Regression equation coefficient 
1 DFE — Ac — % Abs.* 109.65 — 8.76 Ac — 15.22% Abs. 0.719 
2 DFE — cm — % Abs.* = 148.214 — 10.70 cm — 18.68% Abs. 0.697 
3 DFE — Ac — % Abs.t 112.305 — 9.17 Ac — 15.88% Abs. 0.756 
4 DFE — cm — % Abs.t 151.92 — 10.805 cm — 21.19% Abs. 0.749 
5 Ac — Cm* Ac = — 2.446 + 0.941 cm 0.695 


*Calculated from all the data in Table la of the original paper. 
+Caleulated from the data of Table 1a, excluding all concretes containing mortars with thermal coefficients ¢ 
5.3 to 6.1 & 10-6 inclusive. 


— 
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largely by the fact that the author’s sampling design used only limestone fine 
aggregate for obtaining mortar thermal coefficients near one extreme, and 
only siliceous fine aggregate for values near the other extreme of the entire 
experimental range of mortar thermal coefficients. Graphical studies of 
the sample design verify this.* If the thermal coefficient of mortar was 
the only attribute of concrete, which would be pointedly affected by the 
difference between inherent characteristics of limestone and silica, and which 
might logically be expected to influence the DFE of concrete, we need not 
be perturbed by such a sampling design. There are, however, at least three 
other attributes which would vary qualitatively, if not quantitatively, in 
the same manner exhibited by the thermal coefficient of mortar, viz., (a) 
the thermal coefficient of concrete, (b) the elastic modulus of mortar, and (c) 
the elastic modulus of concrete. 

Furthermore, in the writers’ opinion, there is fully as much a priori justi- 
fication for assuming that any one of the above, rather than the thermal 
coefficient of mortar, is the truly correlated factor. Therefore, with only 
the data of the paper available, our own tentative conclusion, that the DFE 
is truly correlated with the thermal coefficient of mortar, cannot be verified. 
(Through analagous studies and reasoning, identically the same conclusion 
can be reached for Ac.) 

At this point suppose we learn of Mr. Callan’s idea that DFE is dependent 
on the magnitude of Ac and decide to investigate this possibility. Preliminary 
to calculating the correlation coefficient (DFE — Ac — percent absorption) 
we check the correlation between Ac and c,, with the results shown in line 
5 of Table A. This correlation is of course highly Significant, as would be 
expected from the algebraic relation of Ac and c». Since for the data of 
the paper DFE and Ac are each highly correlated with c,,, it therefore seems 
logical to predict that DFE will be highly correlated with Ac. However, we 
verify this prediction by determining the correlation coefficient DFE — 
Ac — percent absorption, which is shown in line 1 of Table A, and find it to 
be highly Significant. 

Now, we find ourselves in a quandary. We have obtained correlations, 
DFE with c» and with Ac, which by statistical test are both highly Signifi- 
cant. Are they both real-or is one or both illusory? Considering the second 
preceding paragraph, it appears that the sample design used in collecting 
the data of the paper is inadequate for resolving this problem. We are then 
faced with the fact that, with only the data of the paper available, there is 
no more justification for concluding the DFE is truly correlated with Ac than 
there is for concluding that the true correlation exists between DFE and cm. 

This anomalous condition exists because of an imcomplete sample design. 
Ac is a magnitude, any specific value of which can be obtained by a variety 
of combinations of sand and coarse aggregates. .When an experiment for 
determining the correlation of two attributes of a material involves use of 


*It may also be demonstrated through application of either Pearson’s or Yule’s test for association of species in 
an experimental sample. 
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combinations of two or more species for obtaining different values of one of 
the attributes, it is imperative that the experimental sample be representative 
of all possible combinations of the species. The necessity may be illustrated 
by considering a universe of concretes containing all combinations of only 
two mineralogical species of aggregates, limestone and siliceous. ‘The com- 
binations of species listed in column 2 of Table B are possible. 

In Table B column 3 gives the qualitative relationship between the Ac’s 
that would be expected from the combinations shown in column 2. Column 
4 shows the relative qualitative magnitude of DFE that would be expected 
under the hypothesis that Ac is a major determinant of DFE. Column 5 
shows the qualitative magnitudes of DFE actually obtained by Mr. Callan. 
Column 6 shows the qualitative relationship between the c,,’s for the com- 
binations shown in column 2. Column 7 shows the qualitative magnitudes 
of DFE that would be expected under the hypothesis that c,, (rather than 
Ac) is a major determinant of DFE. 

Now if we compare column 4 with column 7, we note that for two aggre- 
gate combinations, (a) and (c), columns 4 and 7 are identical. In other 
words, with these two aggregate combinations the relative DFE’s would be 
the same; regardiess of which hypothesis is correct. We further note that 
these are the aggregate combinations that the author used, and that it is 
therefore impossible to determine from the author’s data which of the two 
hypotheses is correct, or even if either is wrong. 

Comparison of columns 4 and 7 for aggregate combinations (b) and (d) 
reveals that if the Ac hypothesis is true the relative DFE’s of combination 
(b) and combination (c) would be exactly opposite to that which would be 
expected if the c», hypothesis were the correct one. It therefore appears that 
if combinations (b) and (d) had been included in the experiment, one of the 
hypotheses could have been proved wrong; but even this would not have 
proved the other to be right. 

All of. the discussion in ‘Phase I” is, in a sense, negative.* It does not 
prove that DFE is independent of Ac; it does show that even limiting the 
conclusion to the author’s aggregate combinations when tested under his 
specific laboratory procedure the high value of the calculated correlation 
coefficient does not necessarily indicate that DFE is in any degree dependent 





TABLE B 

| 

(1) | (2) (3) | (4) (5) (6) (7) 
Comb. | Aggregate Value | Expected Actual Value Expected 

No. |—— —|— ———— Ac value of value of of value of 

| Fine | Coarse | DFE | DFE | a DFE 

| 
(a) L Enestone } Limestone | Low High | “High Low High 
(b) Limestone Siliceous | High | Low | Low High 
(ce) Siliceous Limestone | High Low L ow High Low 
(d) Siliceous Siliceous | Very low High | High Low 


*As a matter of fact, the use of statistics for testing any hypothesis results in a similar impasse. If the statistical 
tests of a proper universe of data so indicate, one can state that a hypothesis has been disproved and be relatively 
certain of being correct. However, because of the ever-present possibility of choosing attributes which give an 
illusory correlation, the odds are stacked against a statement—based only on statistical tests—that a hypothesis 
has been proved. 

Such proof can be established by the fact that replicate test results on different populations of data are found 
to be in agreement with predictions based on the hypothesis and made prior to the tests. 
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on the magnitude of Ac. In other words, it has not been proved that the 
difference in the thermal coefficients of the mortar and coarse aggregate was, 
per se, a major determinant of the DFE of the concrete. 


PHASE Il 


Assuming that the author intended his conclusions to apply to that uni- 
verse of concretes made up of all possible combinations of the mineralogical 
types of aggregates used in his experiments, is he justified in concluding that 
DFE is substantially dependent on Ac? 

It is obvious that any conclusions, which are not justified for a universe 
confined to the author’s experimental sample (which we attempted to show 
in “Phase I’’), should not be applied to a more extensive universe. Even 
in the case where conclusions are demonstrably applicable to the data of 
an experimental sample, it is always dangerous to extrapolate such conclusions 
into realms not represented in the sample. In the writers’ opinion, had the 
author included in his experimental sample a number of aggregate com- 
binations such as siliceous coarse aggregate-siliceous fine aggregate, lime- 
stone fine aggregate-siliceous coarse aggregate, he might have obtained a 
correlation coefficient (DF E—Ac) which would have indicated little or no 
significant correlation. 

PHASE Ill 


It is the ultimate purpose of any experiment to establish a basis for action. 
The obvious action to base on experimental results such as the author’s is 
prediction of the durability of a concrete in service from knowledge of the 
thermal expansivities of the aggregates and of the DFE determined by the 
accelerated laboratory freezing and thawing test he used. No doubt, the 
author did not intend that his conclusions be applied so broadly; neverthe- 
less, after reading the paper, several concrete technologists (other than the 
writers) thought the author gave the definite impression that the magnitude 
of Ac would generally be an important factor in controlling durability of 
concrete in service. If this impression be widespread the following discussion 
should be pertinent. 

The point made in “Phase II” militates against use of the author’s ex- 
perimental results for supporting the thesis that a DF E—Ac relation holds for 
a further enlarged universe of concretes. But even if a subsequent series of 
tests should prove that there is such a relation, another element of informa- 
tion would have to be obtained before it could be established that Ac is a 
controlling factor in determining durability of concrete in service. The 
missing element is a determination of what, if any, correlation exists between 
DFE—as measured under the author’s laboratory freezing and thawing 
procedure—and deterioration of concrete in service. 

Several investigators, among them the writers, have pointed out the possible 
divergence in results obtained in the laboratory using a relatively rapid rate 
of cooling and those resulting from the rather slow rate characteristic of that 
occurring under most service conditions. So far as the writers are aware, 
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no one has shown that such a correlation exists. Certainly there are numerous 
bits of experimental evidence, as well as a definite theoretical basis, for doubt- 
ing its existence. Therefore the present seems premature for placing too 
much credence in such laboratory test results for predicting either the dura- 
bility of a concrete under service conditions or the effect of the attributes 
of the concrete components on such service durability. 

In closing the writers wish to emphatically disclaim any idea that this dis- 
cussion disproves the hypothesis regarding the possible effects of thermal 
expansivities of concrete components on durability of concrete. We do be- 
lieve it to show that any current statement about such effects still belongs 
in the realm of the hypothetical; and that, for the routine selection of aggre- 
gates for job concrete, there is insufficient factual information presently 
available to warrant discrimination against any aggregate combination solely 
on the grounds that it would have a high value of Ac. 

AUTHOR’S CLOSURE 

The author is gratified to learn both by these discussions and from other 
sources of the widespread interest in this problem of relating thermal prop- 
erties of concrete to durability. It appears that some clarification of the 
intent and implications of the paper would be desirable. The paper was 
intended to present results of tests conducted, together with simple methods 
for determining the pertinent thermal properties; to discuss these results 
in terms of stress attendant upon differential thermal expansion; and to 
serve as an incentive for additional work along these lines, so as to delineate 
the effects of this phenomenon in its relation to other deteriorating influences. 
It was not intended to state with finality that concretes having such large 
differential expansions should not be used, nor to imply that the effects of 
this lowered durability were necessarily overbearing in comparison with other 
effects. That such implications may have been drawn is indeed unfortunate, 
and the author is glad for the chance to correct them. 

In considering effects of thermal properties on concrete durability, apart 
from other factors such as absorption, it seems reasonable to assume that 
reduction in durability is related to stresses produced in concrete by virtue 
of temperature changes. Such stresses could be caused by the action of 
several of the thermal properties. 

(a) Stresses due to uneven heating or cooling of concrete as a whole, depending on the 
coefficient of expansion of concrete. 

(b) Stresses due to differential expansion of the components of concrete during a tem- 
perature change. 

(c) Stresses due to uneven heating or cooling of the components of concrete, by virtue 

of differential thermal diffusivities, during a temperature change. 

Stresses due to uneven heating, we may compute using the methods given 
by Timoshenko.! For the case of a slab initially at constant temperature 
T, suddenly surface cooled to témperature 7), we have the stresses 


4a E (71> — 71) > 2 (2n — 1)x “| —(2n — 1)2 2 xt /4d2 
2 — — cos — — ite 
, ei-g (2n —1)x 2d | 


n=1 
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Where o = stress in direction normal to y 
a = coefficient of expansion 
E = modulus of elasticity 
uw = Poisson’s ratio 


To = initial temperature 
T; = surface temperature (¢ > 0) 


y = distance from midplane of slab 

d = distance from midplane to surface 
x = thermal diffusivity 

t = time 


Inserting values of a = 5 X 10-° per deg F, and 4 X 10-° per deg F, respec- 
tively, E = 5 X 10° psi, uw = 4, To — 7; = 40 F, d = 2 in. (4 in. slab), and 
xk = 0.05 sq ft per hr, we obtain the following approximate stresses 5 min. 
after the surface temperature changes have occurred for the two concretes 
of different coefficients of expansion. 


Location Tensile stress, psi 


a = 5 X 10 per deg F | 4 X 10 per deg F 


At surface. ... noe 750 600 
14 in. below surface. . . 300 240 
0.88 in. below surface. . . 0 | 0 


These stresses are relatively high near the surface but decrease quite sharply 
and are compressive in the center of the slab. Average stress over the thick- 
ness of the slab is { na dy = 0. For lower coefficients of expansion and modulus 
of elasticity stresses would likewise be lowered proportionally. Since the 
differences in over-all concrete coefficient due to different mortars would be 
of the order of 1 X 10°, based on Fig. 4 of Walker, Bloem and Mullei’s paper? 
for 40 percent coarse aggregate by volume, the variation in stress between 
concretes made with different mortars would thus be only of the order of 60 
psi 1% in. below the surface. This treatment does not however include the 
insulating effects of surface films which are present in the test procedures 
and would lower the stresses considerably. Such stresses could play some 
role in the deterioration as suggested by Messrs. Bloem and Walker. These 
differences in stress due to coefficient of expansion differences could affect 
the surfaces, but are hardly: significant in the interior. 

Next considering the stresses due to differential expansion of the concrete 
components, they are described simply in. the paragraph on thermal stresses 
(p. 495). As Mr. Glover has pointed out in his discussion, the effects of 
aggregate compressibility were not included in these equations. When these 
effects are taken into consideration, considerable changes in the stresses occur, 
as shown by Mr. Glover and also Pickett* and Robinson.* For the case of the 
spherical inclusion, Robinson has shown that the sum of the principal stresses 
in the interior is, using our notation: i 

6GT Ac 
, , E(l = y’) 


WA pt sR. 


~ 4G (1 +p) 








THERMAL EXPANSION AND DURABILITY 504 - 13 


where G and G’ are the shear moduli of mortar and aggregate respectively 
and y’ is Poisson’s ratio of the aggregate. This reduces to 
6 EET Ac 
°* B+) +28 (1 — &) 

with E and E’ the Young’s moduli of mortar and aggregate. It can be seen 
that as the aggregates and mortars used are more rigid (G’ and G, and thus 
E’ and E higher) the stresses become higher for the same temperature changes. 
These effects will have quite a bearing on the concrete stresses. 

For example, with an aggregate of Young’s modulus = 7.5 X 10° psi, a 
change in the Young’s modulus of the mortar from 1 X 10° to 2 X 10° psi would 
result in an increase of 80 percent in stress. It should be noted also that the 
equations of the paper were specified for the case of a positive volume change 
in the inclusion, and led to lower stresses than the higher radial stresses for 
negative volume changes, as shown by Mr. Glover. From Pickett? and Mr. 
Glover's Eq. 6, for EF; = E, = E, and uw; = pe = pw (= 0.25) the tangential 
tensile stresses would be 4/9 of those computed in the paper. 

It is also worthy of note that Mindlin and Cheng® have shown that for 
the case of a spherical inclusion near an edge the stress may reach a value of 
4(1 + yz) times the stress on a similar inclusion embedded in an infinite matrix. 
Thus, for the constants chosen in the paper, and including compressibility 
effects, the stress on the aggregate near the edge would be 4(1 + 0.25) & 4/9 
xX 800 = 1775 psi. However, the effects due to shape variations in aggregate 
particles with high stress concentrations and the effects due to the large 
number of embedded particles would cause complexities which it was desired 
to avoid in the paper. The stresses were presented merely as an indication; 
and the many other effects present would reduce the value of performing 
additional mathematical operations without better experimental data. 

Stresses due to uneven heating or cooling of concrete components, by 
virtue of differential thermal diffusivities, has been discussed by Weiner® 
and has not been extensively considered for the paper. 

Messrs. Bloem and Walker have stated: “It has been shown that a change 
in moisture of one percentage point may cause a length change of as much 
as 0.0002 in. per in., and that, therefore, moderate cyclic moisture changes 
‘an easily account for length changes of 0.0006 in. per in. or more in the 
mortar.”” It has been determined* that the ¢hange in moisture referred to 
is in total moisture content of the mortar, that is, weight of water per total 
weight of mortar, and also that the cyclic changes referred to are seasonal 
types for an exposed structure rather than rapid changes in laboratory tests. 

Because of the marked effect on shrinkage due to coarse aggregate,’ it is 
impractical to separate the length changes in the mortar from the concrete as 
a whole. Since the difference in total moisture content of concrete in passing 
from a dry to a saturated state is only a few percent, say, from 1 to 6 percent, 
the changes described would be rather severe. In addition such changes 
would oceur over a considerable period of time, due to the relatively slow 





*Private communication with Stanton Walker. 
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diffusion of moisture in concrete as compared with rapid heat diffusion, per- 
mitting greater dissipation of the induced stresses by plastic flow. The 
stresses are, however, in many instances’ sufficiently high to cause cracking 
of the concrete, both surface cracking and internal cracking. In determining 





these stresses, equations similar to those of (a) and (b) would be involved, 
but the time factors would be dissimilar due to the slower moisture diffusion. 
It was noted in the paper that the stresses may be lowered due to plastic flow, 
but this stress relief is minimized in the freezing and thawing tests described, 
while it may be prominent in the case of the cyclic moisture changes. As 
to the effects of stresses with respect to particle size, Pickett® has shown 
the stresses to be higher near smaller particles, but with a much lower effective 
radius, which would lead to considerably more plastic flow in the mortar 
as a whole, than in the mortar-coarse aggregate system. 

It is indeed possible that a portion of the decrease in durability was at- 
tributable to the thermal coefficient of the concrete as a whole, as suggested 
by Messrs. Bloem and Walker, and also by Messrs. Willis and Reagel. It 
is not felt, however, that the contention of Messrs. Bloem and Walker that 
the DF E-—Ac relationship is secondary and fortuitious is justified. For the 
data of the paper, it is apparent from Table 1 that in 15 of the 17 cases where 
a coarse aggregate was tested both with sand manufactured from it and with 
other sands, the combination of aggregate and sand manufactured from it 
had higher DFE and lower Ac. ‘The other two cases showed a higher D’'E 
with a higher Ac, but the difference in DFE for these concretes with different 
sands amounted to only 2 points in 86 and 87 respectively, which difference 
is not of consequence. 

To demonstrate this further, let us take the data from Table 7 of the paper 
by Walker, Bloem and Mullen.” Since the data are not readily amendable 
to examination for the DF E—Ac relation, Table C has been prepared from their 
Table 7. The DFE’s shown have been computed or estimated as DFE at 
100 cycles from the following relation: DFE = PN/100, where P .is the 
relative dynamic EF at N cycles, if 50 or above, or is 50 if the relative dynamic 
E has fallen below 50. N is 100 cycles if P > 50, or the number of cycles at 
which P = 50. 

Upon plotting the DFE’s, against Ac for these data (Fig. A) it is readily 
apparent that in all six cases, for the same coarse aggregate tested with dif- 
ferent sands, the lower the Ac the higher the DFE. ‘This is in accordance with 
the results of the paper. The author feels that there is the relation between 
DFE and Ac in these data. However, both for these and for other data there 
is often a masking action due to variations in aggregate quality, particularly 
when various types of coarse aggregates are used. ‘To show this, the data of 
Table D are presented. 


These data are the results of the laboratory’ phase of a program wherein 





six coarse aggregates were tested with each of eight fine aggregates. All the 
aggregates represented a wide range of mineralogic composition and thermal 
coefficients, ranging from low coefficient limestone to high coefficient quartzite, 
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Quartz sand 48 48 46 24 94 
Mfd. limestone Quartz —2.7 87 53 93 47 102 
Quartz sand Limestone 3.4 86 53 | 91 46 94 
Mfd. limestone Limestone 1.2 98 72 - 72 103 
Quartz sand Trap rock 1.9 65 47 61 31 89 
Mfd., limestone Trap rock —0.3 98 64 — 64 103 
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Fig. A—Relation of DFE to Ac for six concrete combinations exposed to heating and cooling 


in water from 40 to 140 F. DFE based on 100 cycles; Cycle 3—rapid; Cycle 6A—slow 
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and including surface texture variations between crushed and uncrushed cherts. 
When freezing and thawing test results in terms of DFE are plotted against 
thermal coefficient differences in terms of Ac (Fig. B), the relation DFE = 
64.80 — 2.91 Ac is found, having a correlation coefficient r = 0.312. This 
is not a high correlation as it stands. To afford a better comparison of the 
data, the effects of variation in aggregate quality, e.g., the superiority of 
crushed chert over uncrushed chert, were removed by a somewhat intricate 
weighting of the observed DFE’s, the procedure for which is rather too de- 
tailed for description here. The adjusted DFE’s are as shown in Table E. 
Upon plotting these against Ac (Fig. C) the relation DFE = 66.33 — 6.97 Ac 
is found, with a correlation coefficient of r = 0.847. 

These results should be construed only as a general indication that the 
DFE—Ac relationship holds for these combinations, although hidden in the 
actual results due to the effects of other factors affecting the over-all concrete 
quality. As an example of such factors, it is seen that although the quality 
of the granite coarse aggregate is quite high, the quality of the sand manu- 
factured from it is quite low. This is probably due to the type of fracture 
incurred in crushing, leaving the larger sand size particles in a weakened 
condition. Thus the concretes made with granite coarse aggregate have 
good DFE’s in spite of the large Ac, whereas those made with the manu- 
factured granite sand show lower DFE’s than would be expected. Similarly, 
the surface texture effects of uncrushed chert lead to lower DFE’s than when 
it is crushed and the bond improved, even though the Ac for each comparative 
combination is the same whether crushed or uncrushed chert is used. 


The author is in agreement with Messrs. Willis and Reagel that the com- 
binations included in the paper did not represent a most desirable selection 
for definitely establishing the DF E—Ac relationship. Data were not avail- 
able for a proper sampling at the time the paper was prepared. It is realized 
that the ambiguous expectations in respect to DFE values pointed out in 
their table exist. It was felt, however that the benefits to be gained by a 
discussion of the problem and the focusing of attention on the question would 


TABLE D—FREEZING AND THAWING TEST RESULTS OF 48 CONCRETE 
COMBINATIONS OF VARIOUS THERMAL PROPERTIES 






































\ DFE of concrete combination* 
Fine —) $$$ | ___ —_—— ————_ Xs 
Coarse aggregate aggregate E Lime- e- | Siliceous yon- | Nz atural Cc herty Quart- 
————} stone | Granite river | chert sand | siliceous river zite Chert 
Cc oeff. of |——_—|— | | 
mortart | 4.6 | 5.7 6.3 64 | 7.1 | 73 | 7.4 7.5 
| 
Coeff. of | | } | | 
aggreg: atet | } | 
ee | 
Limestone 2.3 50 } 30 28 33 | 23 | 6 34 28 
Granite | 26 | so | 6 | 66 68 78 =| «75 80 72 
Non-chert gravel 4.7 46 | 46 38 62. 49 62 35 56 
Uncrushed chert | 5.9 | 74 | 45 | 40 | 45 64 56 48 43 
Crushed chert | 5.9 | 88 66 71 | 77 78 89 66 
Quartzite | 6.4 | 61 | 59 | s2 | 75 85 63 60 70 
| 








*DFE after 300 cycles of accelerated laboratory : and thawing. 
tCoefficient of thermal expansion x 106 per deg F 
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Fig. B—Relation of DFE-Ac for 48 concrete combinations. DFE obtained from accelerated 
‘laboratory freezing and thawing tests; Ac the difference in coefficients of thermal expansion of 
mortar and coarse aggregate 


TABLE E—ADJUSTED DFE’s OF 48 CONCRETE COMBINATIONS OF VARIOUS 
THERMAL PROPERTIES 


















































Adjusted DFE of combination* 
Fine Mfg. Siliceous Natural | Cherty Mfg. 
Coarse aggregate| aggregate lime- Mfg. river Non- siliceous river quart- Chert 
stone granite sand chert sand sand sand zite sand 

Coeff. of 

mortart 46 | 5.7 6.3 6.4 7.1 7.3 7.4 7.5 

Coeff. of | 

aggregatet 

Limestone . 2.3 57 45, 35 33 18 43 4 23 
Granite 2.6 52 44 38 28 38 27 45 32 
Non-chert gravel 4.7 61 69 53 . 7 52 57 43 59 
Uncrushed chert 5.9 90 69 56 54 68 52 57 47 
Crushed chert 5.9 78 64 61 60 56 59 49 58 
Quartzite 6.4 62 68 83 69 74 44 54 59 











*DFE of Table D adjusted for variations in aggregate quality. 
tCoefficient of thermal expansion x 10* per deg F. 
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Fig. C—Relation of adjusted DFE.—Ac for 48 concrete combinations. DFE. adjusted from 
freezing and thawing test results for variation in aggregate quality 


outweigh the incompleteness of the sampling scheme and the ambiguity 
in the possible reasons for decreased durability. 

The author is in agreement with both Messrs. Willis and Reagel, and 
Bloem and Walker that the correlations between DFE and c» (coefficient 
of mortar) and between DFE and Ac are of about equal statistical significance. 
It should be noted, however, that except for the change in concrete coefficient 
occasioned by the different mortars, affecting the stresses as described previ- 
ously, this correlation of DFE and c,, would rest on no physical basis, whereas 
that between DFE and Ac would. Considering the stress difference due to 
coeflicient of concrete difference, which amounted to only about 60 psi at 
14 in. from the surface, it is not believed that the variations in DFE would 
be explainable on this basis to any marked extent. It is true that, as shown 
in “Phase I” of Messrs. Willis aid Reagel’s discussion, the DFE—Ac relation- 
ship can neither be conclusively proved nor discarded on the statistical basis 





™ 
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alone. It is also true that the combination of the statistical basis and physical 
reasoning leads to placing greater credence on the DFE-—Ac relationship 
than on the DFE-c,, relation as affecting concrete durability. 

The author is grateful to Messrs. Willis and Reagel for forcefully pointing 
out that the relation developed should not be considered blindly to hold for 
other concretes. This caution appears not to have been made as strenuously 
as need be in the paper and misunderstandings may have arisen from this. 
The question raised in ‘Phase IIT” as to the correlation between laboratory 
and field results is also of great importance. For the case of the 48 combina- 
tions mentioned in this closure, the results to date of the laboratory and 
field tests on these combinations are reported by Kennedy.® 

The author feels that these discussions have helped considerably in clarify- 
ing the limitations of the DF E—Ac relationship, and in bringing attention 
to bear on the many unsolved facets of the over-all effects of thermal proper- 
ties on concrete durability. In closing, the author would like to present a 
quotation from ten years ago, which is still highly appropriate.® 

“The results obtained to date have indicated the necessity for further 
study beyond the original scope of the program. Greater knowledge is needed 
of the thermal properties of hardened concrete and its ingredients, and the 
interna] stresses created in concrete by thermal shock. The interesting 
prospect is presented that durability of concrete may not be a simple function 
of the inherent soundness of cement or of the inherent soundness of aggregate, 
but rather a function of the ability of a given cement to develop a hardened 
product whose properties are and remain compatible with those of the aggre- 
gate used. It seems possible that the use of one cement-aggregate combina- 
tion might result in concrete of poor durability; whereas, that cement and 
that aggregate used with another aggregate and another cement might result 
in concrete of good durability. This possibility may explain some of the 
confusing paradoxes in concrete durability.”’ 
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Title No. 48-34 


Relative Economy of Prestressed and Conventional 
Reinforced Concrete Reservoirs® 


By G. C. ERNSTT, C. O. BRUNKEN$ and A. R. RIVELAND# 


SYNOPSIS 


Cylindrical walls designed for various stress combinations for conventional 
and prestressed conditions are compared, and the most advantageous are 
selected for an economy study. Quantities of concrete and steel from 180 
complete reservoirs and 80 additional wall designs reveal that those of pre- 
stressed concrete have a lower first cost than conventional designs, if the 
unit cost of the prestressed wall in place does not exceed approximately twice 
that for the conventional wall. The investigation also showed that in most 
cases of unrestricted site location with the same controlling water elevation, 
reservoirs above ground were more economical than underground reservoirs, 
insofar as first cost is concerned. However, underground reservoirs could 
compete with these above ground for capacities greater than 2.5 million gallons. 
As to materials, prestressed construction saved from 40 to 60 percent of steel 
and from 0 to 35 percent of concrete. 


INTRODUCTION 


The need to prepare alternate designs for a 5 million gallon water storage 
reservoir at three different site locations provided an opportunity to study 
the relative economy of prestressed and conventional designs. As a preparatory 
step it was necessary to compare tentative wall designs and select a practicable 
combination for each type reservoir of the required capacity. 

The effect of unit wall costs were then studied, followed by a comparison 
of first costs of underground and aboveground storage for the specific sites 
under consideration; and finally the relative savings in material were reviewed 
for the most competitive types. The order of competition as to first cost was 
determined and tabulated against the various design types and locations 
(Fig. 1). It is recognized that with different site conditions the relationships 
may change but the relative comparisons of aboveground tanks should apply 
in any situation. 


SELECTION OF STRESSES 


Several different stress combinations have been used in the past, and have 

*Receive: 1 by the Institute Dec. 17, 1951. Scheduled to be presented at the ACI 48th Annual Convention, 
Cincinnati, Ohio, Feb. 26-28, 1952. Title No. 48-34 is a part of the copyrighted JouRNAL OF THE AMERICAN Con- 
CRETE INstiITUTE, V. 23, No. 6, Feb. 1952, Prgceedings V. 48. Separate prints are available at 35 cents each. 
i? (copies in triplicate) should reach the Institute not later than June 1, 1952. Address 18263 W. McNichols 
Rd., Detroit 19, Mich. 

+Member American Concrete Institute, Chairman, Civil Engineering Dept., University of Nebraska, and 
Partner, Dunmire & Ernst, Consulting Engineers, Lincoln, Neb. 

tInstruc tors in Civil Engineering, University of Nebr hy Lincoln, Neb. 
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TABLE 1—STRESS COMBINATIONS USED IN ECONOMY STUDY 





Conventional design Prestressed design 


Factor Group a Group b Group c Factor 


Group a’ Group b’ Group 

fs, psi 10,000 12,000 14,000 fs, psi 12,000 40,000 100,000 
St, psi 150 200 300 tsi, psi* 45,000 75,000 140,000 
n 15 10 10 Sei, psi*® 1,000 1,000 1,000 
n 10 10 9 


ieee ee 





*fs; and fci are for the initial prestressed condition 


had their advocates, for both conventional and prestressed design of cylindri- 
cal tanks. 

The combinations selected for study (Table 1) included low, intermediate 
and high values. 

To determine the design possibilities of each of these stress groups, un- 
restrained walls were designed for 10 different capacities from 0.2 to 6 million 
gallons for various wall heights using each of the stress groups in Table 1. 
It was soon noted that the maximum amount of steel for convenient place- 
ment was reached at lower wall heights for some stress groups than for others. 
Fig. 2 shows the maximum wall heights for practicable steel placement for 
each stress group. Note that stress groups c (conventional) and b’ (prestressed) 
are about equally competitive on-such a basis, and that stress group c’ has 
no limitations within the boundaries of Fig. 2. 

The stress groups c and e’ were selected for the remainder of the study 
because they permitted maximum wall heights in conventional and prestressed 
designs. In other words, the combinations c and c’ were the most competitive 
stress groups of all of the conventional and prestress combinations. 
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ECONOMY OF PRESTRESSED TANKS 


Since the walls are only one portion of a tank, changes in the cost of the walls 
are not reflected in equal degree in the final total cost of the tank. The final 
total cost of tanks above the ground can be expressed as C; = Cy + C, + Cy 
with C,, Cy, C, and C; representing the total final cost of-tank, wall, roof and 
floor, respectively, provided that the incidental costs of foundation preparation, 
etc., are included. For underground reservoirs, the total costs of excavation 
and compacted enbankment must be added. 

Quantities of materials were computed in detail for 10 different capacity 
tanks, 0.2 to 6 million gallons, for each of two heights, 15 ft and 30 ft, for con- 
ventional cylindrical and, 7.5 ft and 15 ft, for cantilevered wall rectangular 
reservoirs. These quantities were multiplied by unit prices, generally prevail- 
ing in 1950-51, in the area in which the 5 million gallon tank, previously 
mentioned, was to be built. The resulting average unit cost of the reinforced 
concrete in place in the wall was $74 per cu yd. For comparison three different 
unit wall costs were selected; $50, $75 and $100 per cu yd for conventional 
designs. Using the same procedure for obtaining an average unit wall cost 
for the prestressed tanks, and selecting a low value somewhat in excess of 
that for conventional design and a high value almost double the maximum 
value of $100 per cu yd for conventional design, resulted in the average unit 
wall cost of $55, $125 and $195 per cu yd for prestressed reinforced concrete 
in place. : 

With unit costs for reinforced concrete’in place, the formula previously 
expressed becomes C,; = Uw Vue + U, V+ + Uys Vz in which U,, U, and U; 
are unit costs of reinforced concrete in place in wall, roof and floor, respectively, 
in dollars per cu yd, and V,, V, and V; are cu yd of reinforced concrete in 
wall, roof and floor, respectively. 

It is readily recognized from the above equation that, with virtually fixed 
values for U,, V,and U; and V; for a specific tank, variations in either U, or 
V~ or both (by use of prestressed concrete, or a change in unit stress combina- 
tion) will be indicated in lesser degree in the total price C;. 

If comparisons of the cost are made between prestressed and conventional 
designs, the cost ratio is as follows, the primed values referring to the pre- 
stressed design: . 


CC, U,' G +1 Us’ (U,’ V,’ + U,’ Vy’) | 


| 


C. Uel Ve +1/Us UeVe + U; Vz) 
also 


C,! C.! 4. Cc! 2 C,’ 


Ct ¢. +6 46 
If the values of U,, U,’, V» and V,’ are such as to make C,,’ = C, the 
value of C’,/C, will be slightly less than one, since C,’ + Cy’ is less than C, + 
C, due to the slight reduction in outside dimensions when prestressed walls 
are used. Therefore, theoretically, the unit price of prestressed reinforced 
concrete in place in the wall can be slightly higher for equal total tank costs 
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than for equal total wall costs. In this study, the effect was quite evident 
in capacities below 1 million gallons, although the effect from 1 to 6 million 
gallons was practically imperceptible. 

The unit wall costs previously stated were used in calculating unit wall 
cost ratios and total tank cost ratios between prestressed and conventional 
designs for both 15 and 30 ft heights, with capacities from 0.2 to 6 million 
gallons. Unit costs for roof and floor were taken at average 1950-51 values 
and were kept the same for all designs. A study of the unit wall and total 
tank cost ratios showed that the average of all capacities from 0.2 to 6 million 
gallons in each unit cost group plotted practically on the same curve, and 
corresponded to a capacity of 1.5 million gallons (Figs. 3 and 4). Therefore 
total tank costs for prestressed and conventional tanks become equal for a 
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capacity of 1.5 million gallons when the unit wall cost for prestressed con- 
struction is twice that for conventional construction for the 15 ft height, 
and 1.7 for the 30 ft height. Upper values of the total cost ratio were con- 
sistently defined by the 0.2 million gallon capacities and the lowest values 
of the ratio were consistently defined by the 6 million gallon capacities. This 
does not mean, however, that all total cost ratios for 0.2 million gallons or 
for 6 million gallons fall on the upper and lower lines shown in Fig. 3 and 4. 
However, the solid lines (Fig. 3 and 4) define the maximum spread of all total 
cost ratios above and below the average. These liries show a range of unit 
wall cost ratios of from 1.5 to 2.7 for 15-ft tanks and 1.3 to 2.4 for 30-ft tanks 
for equality of total costs. 


COST OF UNDERGROUND AND ABOVEGROUND RESERVOIRS COMPARED 


Underground reservoirs, due to the added cost of excavation and embank- 
ment, are generally more expensive than reservoirs above the ground. Re- 
quirements other than first cost usually dictate their selection in a specific 
case. However, in the case of capacities in excess of about 3 million gallons 
underground tanks with prestressed walls and imbedded floors may become 
competitive with conventional aboveground tanks and with prestressed 
tanks of shallow height, f6r sites permitting common excavation (Fig. 5 and 1). 


ECONOMY OF MATERIALS 


Prestressed designs show savings of 52 to 61 percent in weight of steel and 
18 to 35 percent in volume of concrete for cylindrical reservoirs 30 ft high 
(Fig. 6). Comparison of prestressed underground reservoirs with conventional 
aboveground tanks 30 ft high showed possible savings of 42 to 57 percent in 
steel and —12 to +30 percent in concrete, providing the base of the under- 
ground tank is imbedded (Fig. 6). With the exception of the steel in the 
prestressed tanks above the ground, the saving in material increased with the 
capacity of the tank, for a given height requirement. 
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Fig. 6—Prestressed steel and con- 
crete savings. ©O Prestressed tank 
(type A) vs conventional (type 
A). [| Underground prestressed 
type C) vs conventional (type A) 








a Se 


ia) 
Concrete | 


a | Z| | | 








S 
© 





S 
& 

















8 S 
YQ S 


: q | 
Cylindrical Tanks 
| 





Concrefe or Stee/ Ratios 
SY 
N 


























J j 
Stree/ 
—s FT Pg R 4 Rf é 
S7G 
SUMMARY 


1. The stress combinations designated as group c (conventional) and 
group c’ (prestress) were found to be the most satisfactory combinations in 
designing tanks through a range of capacities from 0.2 to 6 million gallons, 
and up to 30 ft in height. ; 

2. In general, if the unit price of prestressed wall concrete in place is less 
than twice the unit price for conventional design, a prestressed tank may be 
expected to have a lower first cost than one of conventional design, especially 
in the case of above the ground tanks of about 1.5 million gallon capacity. 

3. With ideal excavation and price conditions, underground tanks may 
have a lower first cost in capacities greater than 3 million gallons, if designed 
with a relatively deep floor imbedment. 

t. Substantial savings in material, up to 61 percent in steel and 35 percent 
in concrete, may be expected in prestressed aboveground tanks. Underground 
tanks having a capacity in excess of about 1 million gallons in general showed 
savings, but to a lesser degree. - 
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BY WAY OF SYNOPSIS 


W. C. Hanna adds further information on the inhibition of alkali-aggregate 


expansion. 


Witspur E. Movurron discusses water content of pumice concrete. 


JEAN LEBELLE tells of special vibrating equipment developed for use with 
no-slump concrete on Creil Airport in France. 
HERMANN CRAEMER explains a design method for skew bending in rein- 


forced concrete. 


Taytor Wooprow Construction, L1p., gives data on the prestressed con- 
crete footbridge built across the River Severn in England. 


Additional Information on Inhibiting Alkali-Aggregate Expansion 


(LR 48-19) 


The results of tests on inhibiting alkali- 
aggregate expansion reported by W. J. 
MeCoy and A. G. Caldweilt are of much 
interest. It is hoped that additional infor- 
mation is available which will help answer 
some questions. 


It has been well-known for a number of 
years that additions to reactive combinations 
of cements and aggregates have not always 
produced the results expected. Each par- 
ticular aggregate, cement, proportion, addi- 
tion, and curing cycle has an effect. In some 
cases small additions such as NaOH have 
been expected to produce increased expan- 
sion, but results have indicated almost no 
expansion. In some cases the addition of 
sodium silicate has lowered expansions but 
lowering expansion is not in itself sufficient. 
It is hoped that strength tests on the promis- 
ing combinations mentioned will be pub- 
lished. 


Referring to Table 12, can the authors 


give results with both greater and _ lesser 
amounts of Li.CO; added and also in com- 
binations with other cements? Do they have 


results with a low-cost chemical such as 
NaOH? 

teferring to the third paragraph on page 
695 of their paper, the writer has seen struc- 
tures in service in which low-alkali cement 
was reported to have been used which showed 
reactive expansion. Other structures appear 
in good condition although containing po- 
tentially reactive combinations but which 
had not been exposed to destructive cycles. 
The actual alkali content 
ments probably was not known and bad 
work (since it was bad) has been attributed 
to high-alkali cement or if it was good to low- 
alkali 


are hardly acceptable. 


in most old ce- 


cement. Such careless assumptions 


W. C. Hanna, chief chemist 
and chemical engineer, Calif. 
Portland Cement Co., Col- 
ton, Calif. 


*A part of copyrighted JouRNAL OF THE AMERICAN ConcRETE INstTITUTE, V. 23, No. 6, Feb. 1952, Proceedings, 


V. 48. Separate prints are available at 35 cents each. 


Address 18263 W. McNichols Rd., Detroit 19, Mich. 


tMcCoy, W. J. and Caldwell, A. G., “New Approach to Inhibiting Alkali-Aggregate Expansion,” ACI JourNaL, 


May 1951, Proc. V. 47, p. 693. 


513 








514 


JOURNAL OF THE AMERICAN CONCRETE INSTITUTE 





February 19592 


Water Content in Pumice Concrete (LR 48-20) 


J. A. Murlin* states that “the slump cone 
test is a poor indicator of water content or of 
workability of concrete . 

I am in complete agreement with this state- 


lightweight 


ment because of our experiences with the 
water content in pumice concrete. 

Mixing time, workability, and whether 
or not material has been pre-saturated alter 
the required amount of water. 

We do not pre-saturate our material; so 
A minimum of 


more water must be used. 


12 minutes mixing time 


minutes is still better. 


is essential; 15 


In a given mix we have used from 57 to 
63 gallons of water per cu yd and the slump 
has been the same. When the slump cone is 
lifted, the material is left standing upright 
with little or no slump. 


If there is sufficient water, the aggregate 
and cement will hold together in a sticky 
mass as it is thrown up and down in the hand. 
A dry mix has a crumbly feel and appearance. 
If too wet, the mix is sloppy or swimming in 
water. 

After the material is placed and vibrated, 
a mix with sufficient water will finish well. 
In an overwet mix the coarse material rises 
to the top, causing a rough finish. A too-dry 
mix will not vibrate into place or hold together 
well. 

So far, experience with pumice concrete is 
the only practical way to determine the 
proper amount of water to be used. 

Witsur E. Movutron, test- 


ing engineer, Normac, Inc., 
Monterey, Calif. 


Vibration of Pavement Concrete (LR 48-21) 


The ACI Journal, Mar. 1950, contained a 
very interesting paper by F. H. Jacksont 
pointing out the disappointments met in the 
construction of concrete roads in the United 
States by the use of too plastic mixes. 

In the discussion which followed, different 
persons referred to work executed in Europe, 
and Phillip L. Melville stated the results 
obtained on our Auto-route de |’Ouest. 

For more than 20 years, the writer has 
devoted his activities to the development of 
powerful vibration equipment called “Per- 
vibrateurs” which are used on the majority 
of construction jobs in France and are known 
in many foreign countries. It is this equip- 
ment which has permitted the use of gap- 
graded concrete with very low water content. 

Recently we have been consulted on the 
runways for Creil Airport constructed of 
slabs 6.25 m (20.5 ft) wide and 25 cm (9.84 in.) 
thick. The conditions imposed by the speci- 
The 
mixing water, reduced to the minimum, is 
determined as follows: 

45 1 (11.89 gal.) of water plus 0.25 1 per 
kilogram (0.03 gal. per Ib) of cement. The 
prescribed cement 350 kg 


fications were particularly rigorous. 


content being 


(770 lb) of cement, the quantity is then: 
145 + (350 X 0.25) = 132 1 (35 gal.) 

This water is imperative 
regardless of the nature of the cement and 
the quality of the aggregates. It takes into 
account the water contained in the aggre- 


quantity of 


gates. This always results in a very dry 
concrete, very difficult: to place, and which 
cannot be considered workable without 
powerful vibrators. 

On the Creil work a gap grading was 
adopted, the principal 


which are given below. 


characteristics of 


There is no material provided between the 
coarse sand of 6.3 mm (0.25 in.) and the small 
stone of 31.6 mm (1.25 in.) which represents, 
conforming to the rule, a discontinuity of 1/5. 


The maximum diameter of gravel is 80 mm 


(3.15 in.), represented by the rounded flint 


particles. 

It is not possible to speak of slump because 
of the use of aggregates approaching 80 mm 
but if the test were made it would give a 
zero slump. 

For fhis mix, the following materials were 
used: 


*Murlin, A. J., “Lightweight Concrete for Lower Construction Costs,’’ ACI JourNnat, Sept. 1951, Proc. V. 48, 
37 


p. 37. 
tJackson, F. H., “A Way to Better Pavement Concrete,” ACI Journat, Mar. 1950, Proc. V. 46, pp. 489-496. 
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Fig. 1—Construction of Creil Air- 
portrunway. Concrete placed by 
Blaw-Knox highway equipment 


1000 1 (35.3 cu ft) (Apparent) or 
520 | (18.4 cu ft) (Absolute) 
Sand 395 1 (13.9 cu ft) (Apparent) or 
235 1 (8.3 cu ft) (Absolute) 

Cement 350 kg (770 Ib) 
Water 132 1 (35 gal.) 

Thus w/c = 0.37 

The concrete was mixed in a horizontal 
axis mixer with an actual volume of 800 | 
(28.25 cu ft). It is to be noted that the dry 
mixes made in these mixers are difficult to 
discharge. The central mixing plant was 
one to two kilometers from the work. 


Gravel 


The conerete was carried from the central 
mixing plant in large cylindrical containers 
transported by truck to the job where the 
container was lifted by a crane and dumped 
in the pavement forms. The floating and 
placement was done with a Blaw-Knox 
spreader (Fig. 1). 

In the first tests, it was evident that the 
Blaw-Knox machine designed for placing 


——* 


Fig. 2—Highway machinery with 
modified Blaw-Knox vibrating 
equipment 


LETTERS FROM READERS 





plastic American concrete could not assure 
the compaction of concretes conforming to 
the French specifications and, in similar work 
done previously, it had been found necessary 
to construct the pavement in two layers laid 
one after the other, without an appreciable 
time interval. 

For Creil Airport, the Blaw-Knox Co. of 
France had requested us to modify its 
machine to augment the force of vibration. 

We have replaced the vibrating beam by 
separate elements, of appropriate form and 
weight, each equipped with an_ electric 
vibrator. A motor-generator of sufficient 
capacity to drive all the vibrators was 
installed on the machine. 

Because of the difficulty in supplying 
concrete, construction speed was limited to 
20 to 30 cu m (706 to 1059 cu ft) per hour. 
The machine would have permitted an out- 
put 4 or 5 times as great, 

It has been verified from cores drilled out 
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of the finished pavement that the compaction 
was absolutely complete throughout the 
25 em (9.84 in.) thickness. Later tests 
showed that one can consolidate satisfactorily 
pavements up to 35 em (13.8 in.) thick. 

With very dry mixes, there is little bleeding 
and large aggregates are abundant near the 
surface. This is, after all, one of the ob- 
jectives it is proposed to obtain. 

Then using the finisher which is usually 
employed in the United States for finishing 
pavements and which contributes to bleeding 
of mortar, the torn, and the 
stones are found to be dragged apart by the 
passage of the finishing element. A 


surface was 


small 
change permits remedying this inconvenience 
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and te obtain a surface conforming to the spe- 
cifications. One can verify on Fig. 2 that the 
surface obtained by the spreader equipped 
with vibrators before the passage of the 
finishing machine is nearly satisfactory, the 
unevenness on a section 6.25 m (20.5 ft) 
long scarcely exceeding 1 cm (0.4 in.). 


Following the results obtained on Creil 
Airport, we have ordered similar equipment 
for Rabat (Sale) Airport in Morocco, the 
specifications being similar to those indicated 
above. 

JEAN LEBELLE, President, 
General Director, Procédés 
Techniques de Construction 
Paris, France 


Skew Bending in Reinforced Concrete Computed by Plasticity (LR 48-29) 


If a symmetrical reinforced concrete cross 
section is acted upon by two bending mo- 
ments, one turning around a horizontal axis 
and the other about a vertical one, it is said 
to be subject to double or skew bending. 
The several conventional design methods for 
this case assume that both steel and concrete 
behave elastically and thus make use of the 
modular ratio. 
some that they 


However, they are so cumber- 
are not frequently used. 

In the theory of plasticity, however, great 
simplification is possible by assuming an 
equal distribution of the compressive stresses. 
In this problem the results of Professor 
adopted. He 
found that, at failure, the stresses in a beam 


Saliger’s research work are 


under simple bending are distributed as in 
Fig. 1, the stress at the top being equal to 
the prism strength, f.’, the average stress 
being about 0.85 f.’.. He further showed that 
with the exception of beams with too heavy 
reinforcement, which should not be used in 
practice, the steel is stressed with the yield 
stress, f,. In the following it is assumed 
that the resultant of the compressive zone is 
situated in its centroid, thus simplifying 
Saliger’s theory which gives a more precise 
but only slightly more favorable value. 


Skew bending without normal ferce 

Let a cross section be acted upon by two 
bending moments, 7,’ and J,’ (the dashes 
in the figures symbolize the failure stage) 
turning about a vertical 


horizontal and a 


axis, respectively. Then the neutral axis 
will be inclined and pass through either two 
opposite or two adjacent sides of the rec- 
tangle (Fig. 2 and 3). In Fig. 2 the centroid 
of the area, A,, of the tensile reinforcement 
is supposed to have a distance e from the 
center line. With fair accuracy we may use 
Saliger’s results (average stress 0.85 f.’, re- 
sultant in centroid of area), 7.e., consider the 
area ABCD to be equally stressed by 0.85 f-’. 
The compressive reinforcement shown will be 


considered later. 
c 
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Then the whole compressive force is 
C = 0.85 f.’ kd b 
and, from the equilibrium of forces, we get 
O = 0.85 f.’ kdb — Ady............. (1) 
In the following consider the trapezoid 
ABCD to be composed of the rectangle 
EFCD plus and minus, respectively, the 
triangles HAG and BGP, the compressive force 
in each of the latter being + 0.85 f.’ b kd/4. 
Taking the moment about the horizontal 
axis through the tensile force we thus have 
My! = 0.85 f.' b[ kd (d —14 kd) — § (kod)? ] (2) 
and for a vertical axis through the same point 
M,’ = 0.85 f.’ b (kd e + Yb k.d)....(3) 
Now, in the working range, we write 1/;, and 
M, instead of M;,' and MM,’ and use the 
allowable stresses, f. and f, instead of the 
ultimate, f.’ and f,. An increase in the 
allowable stress, which in some regulations 
is provided for the case of skew bending, 
should not be taken into account since this 
allowance is meant to represent approximately 
the favorable influence of plasticity which is 
of greater importance in skew bending than 
simple bending. Eq. (1) to (3) can be 
transformed into 
0.85 f. kd b 





A, 3 eo, * a 
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i M, kad)? 

7 (ked)*\ 6) 
kd 0.85 f, bd 6d 
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Fig. 3 
6 M, 6e 
kd = —— — —kd....... ae 
0.85 tb? b 


This form is most suitable for solution by 
iteration (repetition) as is shown in the 
following. 


Example 1 

Let a beam having b = 12 in., d = 24 in., 
e = Win., f- = 850 psi, and f, = 18,000 psi 
be subjected to M/;, = 2,000,000 in.-lb and M, 
= 100,000 in.-lb. Find the necessary rein- 
forcement, A;. By inserting these values in 
Eq. (5) and (6) we obtain 


1 
kd = —————. (9.60 — 0.0069(k,d)?2 
“= 002k °® a 
and 
kd = 5.77 — 0.25 kd 
Now, assuming kd = 12 in. as a starting 


approximate value and inserting it into Eq. 
(2) we get 2.8 as a first approximation for 
k.d. Inserting this and kd = 12 into the 
first equation we find an improved value for 
kd and, proceeding in the same manner the 
following series is easily gotten by slide rule 

kd = 12 12.8 13.1 13.1 

kd= 28 2.6 2.5 
It is seen that the neutral axis actually cor- 
responds to the pattern of Fig. 2. From Eq. 
(4) the reinforcement is A, = 6.3 sq in. 

If the neutral axis intersects two adjacent 
sides (Fig. 3) the bending forees are, when 
the ultimate stresses are replaced by the 
working stresses, C = 14 (0.85 f.) nn, and 
T = f.As, thus 

A, = 0.85 f. niny/2fe (7) 
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and, from the moment about the centroid of 
the reinforcement 
M;,, =(C (d =“ 1g n ) 


therefore 


a ee. we ea) 
1—n,/3d 0.85 f- nd - 
and correspondingly 
ee a ae (9) 
1 — n,/3d, 0.85 fe nad 
Example 2 


Let M, = 500,000 in.-lb and d, = 7 in., 
all other data remaining the same as in the 
We get from Eq. (8) and (9) 
1 57.8 


first example. 


rn, = - =— = 
1 — 0.0139 n, Ny 
and 
l 39.6 
ee oo pga dam 
1 — 0.0475 n, mn 
and, starting with n, = 10, the following 


iteration is obtained 

mn=10 86 83 82 

%~= 75 78 79 79 
By inserting n, = 8.2, n, = 7.9 into Eq. (7) 
we obtain A, = 0.85 X 850 X 8.2 X 7.9/2 
< 18,000 = 1.30 sq in. It is seen that the 
values m, and n, coincide with Fig. 3. 

The reader will observe that the plastic 
theory leaves him a greater freedom of design 
since, within reasonable practical limits, the 
concrete dimensions may be freely chosen 
and only the reinforcement has to be deter- 
mined. 


Effect of normal force and compressive 
reinforcement 

Let now, at failure, a normal force N’ act 
eccentrically on the cross section, 1,’ and 
M,’ being its moments about the centroid of 
the reinforcement. In the case of a neutral 
axis (Fig. 2) we now include the compressive 
reinforcement, Ac, shown in Fig. 2. Its 
centroid is assumed to be in the center line. 

The theory of plasticity shows that, at 
reinforcement is 
Thus Eq. (1) 


failure, the compressive 
stressed with the yield stress. 
becomes 

N’ = 0.85 fe kd + Ac fy — Aafy -. 
and Eq. (2) and (3) become 


My’ = 0.85 fe’ b[ kd (d — 14kd) — Y4(k.d)? | 
(11) 


(10) 


+- Acf Ac 


and 
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M,’ = 0.85 f.' b (kde + Y%k.db) + Acfye. . (12) 
Passing to the working stage and transform- 
ing for iteration, we find 

0.85 f.kdb —N 


wa — Jt <—" Mi — Ac fie — 
1 — kd/2d 0.85 f. bd 
one 14) 
6d 7 - 
ind 
6(M, — Ac f.e) 6e 
kd = ——— — —kd.......(15 
0.85 f. b? “ho ait 


The above equations can also, with N = 0, 
be used in the exceptional case that, under 
pure bending without normal force, a com- 
pressive reinforcement is to be considered. 


Example 3 
In example 1, assume a normal force 
N = 20,000 lb and a compressive reinforce- 
ment Ac = 1.57 sq in. at distance a, = 22.5 
in., all other data remaining the 
From Eq. (14) and (15) we find 
1 
kd = —— 
1 — 0.021 kd 
kid = 4.95 — 0.25 kd 
and by iteration, kd = 


same. 
(6.55 — 0.0069 k,d) 


7.8 in. and k,d = 
3.0 in. The tensile area is obtained from Eq. 
(13): As = (0.85 X 850 XK 7.8 X 12 — 
20,000) /18,000 + 1.57 = 4.23 sq in. 

In Fig. 3 the compressive force is compara- 
tively small and a compressive reinforcement, 
therefore, useless. Thus, Eq. (8) and (9) 
remain valid and Eq. (7) passes into 

0.85 f. nm, ny» — 2N 
—_ 2f. 


A . . (18) 
The application is similar to that demon- 
strated in example 2. 

If a normal force acts, the neutral axis 
may be so near the tensile bars that not all 
of them reach the yield point. This can be 
checked as follows. From Saliger’s investi- 
gations we may conclude that in the most 
4, the strain at 
Then, for the 
bar nearest to the neutral axis the strain 
will be 0.0032/y since the strains are linearly 
distributed. 
E being Young’s modulus. 


strained corner, A in Fig. 


failure is at least 3 per mille. 


Now, the yield strain is f,/E, 
Thus, the yield 
stress is reached if 


0.0032/y 2 f,/E ... (19) 
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If the above condition is not fulfilled, the 
bars are only stressed with 0.0032/y x E, 
i.e., according to Hooke’s law. In such a 
case, instead of the allowable tensile stress, 


f., the term 


a! 2 fa, ee 
is used in Eq. (13). The position of the 
neutral axis as obtained by Eq. (8), (9), 
(14) and (15), however, is not affected by 
Eq. (20). In the same way, the reduced 
allowable stress of any other tensile bar can 
be computed if necessary. 


Example 4 

Let, in Fig. 4, x = 2in., y = Sin. anda 
steel with f, = 20,000, f, = 44,000 and E = 
30,000,000 psi be used. Since Eq. (19) is not 
fulfilled we must use an allowable stress of 
, _ 9.003 X 2 X 30,000,000 x 20,000 
las 8X 44,0000 
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10,200 psi 
for the bar in question. If a case like this 
occurs under bending without normal force, 
it nearly always means that the cross section 
is uneconomically designed. 


T-Beams 

In a T-beam the stiffness of the slab is 
usually sufficient to carry M, with negligible 
stress; only MM, has to be considered in the 
usual way. 


Practical considerations 

The increased freedom of design permitted 
by the theory of plasticity should not be 
misused. Thus, in pure bending a reinforce- 
ments of 2 to 2.5 percent should not be ex- 
ceeded and a compressive reinforcement is 
almost always a symptom of careless design. 
Using less than the yield stress, as discussed 
in Eq. (19) and (20) should also be avoided. 
Of course there are exceptions if special 
reasons require a particularly small height 
of beam, e.g., due to restricted space or 
necessity to save weight as in long-span 
bridges and hangars. 

If there is a compressive normal force, 
however, a compressive reinforcement as 
well as an understressing of the tensile bars 
is often unavoidable, especially if the relative 
eccentricity, M),/Nd (Fig. 2) is small. The 
case of Fig. 3, in turn, will only occur if the 
normal force is comparatively unimportant 
and then the recommendations for pure 
bending apply. 

HERMANN CRAEMER, Profes- 
sor of Civil Engineering, Uni- 
versity of Alexandria, Egypt 


Castle Bridge Across River Seven (LR 48-93) 


The footbridge across the River Severn is 
the result of successful, competitive design 
and construction against alternative designs 
submitted in structural steelwork and normal 
reinforced concrete. 


General description 

The bridge is formed of two sets of three 
balanced cantilevers pivoting on 3% in. 
diameter steel roller bearings on the original 
bridge piers, which are at 150 ft centers. A 
set of four precast 60 ft long girders are 
suspended on 2% in. diameter steel roller 


and rocker bearings at the ends of the canti- 
levers over the river. 

The over-all length of the bridge over the 
counterpoise block is 247 ft, and the width 
over the main girders is 11 ft 6 in. The deck 
slab is formed of 3 in. thick, precast concrete 
slabs with in situ concrete to make up gaps 
between the precast sJabs. 

At the piers the beams are 7 ft deep and at 
the center of the suspended span 2 ft 9 in. 
deep. The soffit of the bridge is of parabolic 
arch form with a rise of 7 ft in 150 ft, and 
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Fig. 1—Castle River Bridge 


the deck of the bridge is cambered longi- 
tudinally 5.2 ft in 247 ft. 

Each of the side cantilevers is 8 ft thick 
Each 
set is tied together and stiffened with cross 
beams at the top at 9 ft centers and at the 
bottom at 3 ft centers. 


and the center cantilever 16 in. thick. 


A projecting flange 
4 in. wide at top of the beam carries the 
precast deck slabs. Each of the suspended 
girders are of channel section with the web 
614 in. thick, stiffened at 9 ft centers with 
vertical ribs. The flange of these beams is 
12 in. wide, giving a ratio 1/60 of the span. 
These beams were also tied together at the 
top with in situ concrete beams after erection. 
Precast concrete beams at 3 ft centers are 
freely supported between the bottom flanges. 

For all the main beams, precast concrete 
end blocks containing the Freyssinet cones 
are used. 
Bridge piers 

The original piers of solid mass concrete 
supporting the old suspension bridge towers 
were modified for use in the new bridge. 
Counterpoise anchor blocks 

These were located between the original 
suspension bridge anchor blocks and abut- 
ment. Both of the 
normal 


blocks 
However, the 
North block was located in the near middle 


new «anchor 


followed practice. 
of Dorset Street, and doubtless caused some 
inconvenience to local residents, due to the 
necessary but lengthy time of four months 
that the excavation had to be kept open. 
Precast post-tensioned beams 60 ft long 

These manufactured on the South 


bank of the Severn, about 100 ft upstream of 
the new bridge. 


were 


A cut was excavated in the 
river bank at right angles to the river, and 
on the formation which sloped towards the 
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river was laid a concrete slab to carry the 
new beams during construction. The inclina- 


tion of the concrete slab served as a slip- 
way down which the beams were moved on 
{ in. diameter steel rollers to a timber piled 
gantry at water’s edge. This, with its over- 
head travelling chain block, served to place 
The beams were 
controlled in their movement down the slip- 


the beams on pontoons. 


way by a pair of crab winches, one pulling, 
the other retarding the beam, and also by 
After loading the 
two sets of pontoons supporting each end of 
the beam, the whole unit was floated down- 


two sets of sway struts. 


stream to the lifting position at the bridge, 
ready for hoisting into their final position. 


Prestressing operation 

Stressing of the cables was by a pair of 
Freyssinet jacks, one at each end of the cable. 
Although a calculated allowance was made 
for a coefficient of friction of 0.50 between 
the steel cable and plastic sheath, and alse 
taking into account the effect of curvature 
in the cable, it was found that friction was 
higher than calculated, and not consistent. 
Different results were also obtained for each 
“half” of the cable. These results tend to 
suggest that a third effect, stricture, not 
previously considered, takes place. 

Under stressing, the main cantilevers lifted 
their noses about 3; in. 
before 


and this gap was 
16-ton 
The 60 ft long suspended 
girders lifted a maximum of %% in. at their 
center. 


wedged up travelling the 


crane over them. 


These members were very highly 
elastic in their lateral plane, with width to 
span ratio of 1/60, and received the respect 
they deserved during handling. 

Taytor Wooprow Construc- 


TioN Lrp., Ruislip Road, 
Southall, England 
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of Significant Contributions in Foreign and Domestic Publications 


Slag concrete masonry units 
National Slag Assn., Washington 4, D. C. 22 pp. 


A well illustrated booklet of excellent 
format describing slag aggregate and the 
properties of slag-concrete masonry units. 


The amount of water in sand (Le dosage de 
l'eau dans les sables) 
M. Hovutnick, Annales.des Ponts et Chaussees (Paris) 
V. 121, No. 6, Nov.-Dec. 1951, pp. 765-766 
Reviewed by Aron L. Mirsky 

Drying of sand samples in the laboratory, 
is accomplished quickly by a 250 watt 
infrared bulb suspended just over the sample. 
Cost is low: no oven or enclosure is required. 
Stirring during drying is, however, recom- 
mended. 


Prestressed concrete—lts fulure in the U. S. 
Micraet A. Spronk, Contractors and Engineers 


Monthly, Aug. 1951 

Discusses principles of prestressed con- 
crete and its advantages and disadvantages. 
Reviews basic methods, their application 
and cites typical structures in which each 
has been used. Briefly considers American 
applications of prestressed concrete. 


Tests of fine aggregate for organic impurities 
and compressive strength in mortars 
Bryant Marner, ASTM Bulletin, No. 178, Dec. 1951, 
pp. 35-43 

Reviews methods used in testing fine 
aggregate for concrete to determine organic 
impurities and the relations between the 
results of color tests, mortar strength tests, 


and other factors such as soundness and 
grading. Data are presented on 294 fine 
aggregates. 


Air-entraining concrete in Switzerland 
(L'Occlusion d’air dans les betons en Suisse) 
R. Frey, Revue des Materiaux de Construction (Paris), 
No. 431-432, Aug.-Sept. 1951, pp. 272-276, No. 433, 
Oct. 1951, pp. 305-308 

Reviewed by Puiturre L. MELVILLE 








Since 1947 Switzerland has followed 
American. practice in entraining air, though 
some engineers have not yet realized that 
high densities resulting in high strength may 
also result in low durabilities. The use of 
Darex AEA in the construction of Rather- 
ichsboden Dam gave satisfactory results 
warranting the adoption of air-entrainment 
by European engineers. 


Waterproofing concretes 
L. Savory, Communication and Civil Engineering in 
Hungary, V. 2, No. 11, Nov. 1950, pp. 43-46 
HuNGARIAN TECHNICAL ABSTRACTS 
No. 5, 1951 
A study of the properties of hydraulic ad- 
mixtures to concrete which enhance resistance 
to the passage of water. The article deals 
with the hypotheses of waterproofness of 
portland-pozzolan concretes, tests of water- 
proofing qualities, the connection between 
the clay content of pozzolans and the behav- 
ior of various types of concretes in sulfate 
waters, blast furnace slags as admixtures, 
theories of base exchange, and the correlation 
between shrinking of concrete and water- 
tightness. 


*A part of copyrighted JouRNAL OF THE AMERICAN CONCRETE InsTITUTE, V. 23, No. 6, Feb. 1952, Proceedings 
V. 48. Address 18263 W. MeNichols Rd., Detroit 19, Mich. oe of articles or books reviewed are not available 
it 


through ACI. In most cases they can be obtained direct from t 


will be furnished by ACI on request. 


e original publishers. Address, when available, 
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Concrete cracking Part 2—Pavement studies 


L. Boyp Mercer, Commonwealth Engineer (Mel- 
bourne), V. 39, No. 3, Oct. 1951, pp. 106-112 


Discusses the relation of water loss and 
concrete cracking and considers the factors 
De- 
scribes an investigation of cracking in airport 
runway pavement attributed to variations 
in the quality of the cement. Concludes 
that the properties of the cement must be 


in evaporation from concrete surfaces. 


considered in assessing causes of cracking 
and advocates delayed finishing of concrete. 


Abutments for small highway bridges—Part 1 


Jacos Few.p, Proceedings, Highway 
V. 43, 1943, pp. 403-413 


Research Board, 


A general outline of factors relating to the 


design of abutments for small highway 


bridges. Detailed discussion of active earth 
pressure, passive earth resistance, foundation 
pressures, piles, uplift 
piles, lateral and _ pull-out 
resistance of soils, lateral resistance of piles, 


bearing values of 


resistance of 


ice pressure and uplift, and scour of water 
and silt. 


Concrete mix design (La composition des 
betons) 


F. Campus, Cours de Constructions du Genie Civil, 
Université de Liége, No. 81, Feb. 1951 
Reviewed by Puituir L. MELVILLE 


Theoretical equations are derived for the 
design of concrete mixes by absolute volumes. 
Feret’s and Bolomey’s laws are used. A dis- 
cussion of sizes stresses 
It is indi- 
cated that high compaction and low amount 


various aggregate 


the advantage of gap-gradation. 


of voids in the fresh concrete are now more 
critical than high cement ratios to obtain 
high strength concrete. 
addended. 


Nine references are 


An engineer develops skyhooks for industrial 
buildings 

Cleveland Engineering, V. 44, No. 
pp. 12 and 14 


36, Sept. 6, 1951, 
Nontechnical description of an adaptation 
of hipped plate 
industrial building. 
load carrying structure supported on walls 
or beams and columns. 


construction in a small 


The roof deck is a self- 


The roof valley is 
supported at either end by a column but no 
structural beams are required along it since 
the ribbed slabs act as inclined deep girders. 
Tie rods prevent spreading of the roof. For 
longer spans, the roof has a polygonal contour. 
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Contribution to the calculation of foundations 
of tall chimneys (Ein Beitrag zur Berechnung 
von Fundamenten hoher Schornsteine) 
A. MeuMEL, Der Bauingenieur (Berlin), V. 26, No. 10, 
Oct. 1951, pp. 293-297 
Reviewed by Aron L. Mirsky 

Analytical study of chimney bases. The 
author divides them into three elements (1) 
the outer circular slab, of variable thickness; 
(2) the circular ring forming the base proper; 
and (3) the slab of constant thickness inside 
the ring. As a variation, the case wherein 
element (2) is so formed that element (3) 
vanishes is also presented. Formulas for 
analysis are derived and the results of numeri- 
cal calculations are given. 


Donau bridge at the Ganstor in Ulm (Die 
Donaubrucke beim Ganstor in Ulm) 
Utricn FinsreERwWALDER and HerMANN Konia, Der 
Bauingenieur (Berlin), V. 26, No. 10, Oct. 1951, 
pp. 289-293 
Reviewed by Aron L. Mirsky 
Description and discussion of this hinge- 
less, very slender, prestressed ribbed rigid 
frame, “whose crown and springing are so 
elastic that the thrust goes through the kern 
of the crown section and the midpoint of the 
foundation joint.” The bridge consists of 
two parallel structures, each having two ribs; 
the span is 82.4 m (270.3 ft) and the over-all 
height about 15 m (49 ft). The article in- 
cludes a description of the prestressing and 
the apparatus used to measure shrinkage 
and creep in the finished structure. 


Method of petrographic examination of aggre- 
gates for concrete 
KATHARINE Matuer and Bryant Marner, ASTM 
Proceedings, V. 50, 1950, pp, 1288-1313 
AvuTHORS’ SUMMARY 
A detailed description of the method for 
petrographic examination of aggregates for 
concrete as developed for use by the Con- 
crete Laboratory of the Corps of Engineers. 


The differences in procedure which depend on 


the nature of the sample and the purposes of 
the examination are described. Suggestions 
are made concerning the features to be de- 
lineated, the amount of material to be 
examined, and the organization and presen- 
tation of the the examination. 
One aim of the paper is to clarify the concept 
of what is meant by petrographic examination 
of aggregates and, perhaps, ultimately, con- 
tribute to greater uniformity in making such 
examinations. 


results of 
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Changes in American cement specifications 
(Evolution des normes Americaines des ciments) 
J. CLeRET pE LANGAVANT, Revue des Materiaux de 
Construction (Paris), No. 431-432, Aug.-Sept. 1951, 
pp. 269-272 
Reviewed by Puiturr L. MELVILLE 
While French standards are subject to 
very few revisions, American practice calls 
for frequent changes. Most of the revisions 
in ASTM standards on cement were on 
listing of allowed “grinding aids,” develop- 
ment of air-entraining agents, regulations on 
chemical composition of sulfate resisting 
cements, creation of standards for slag 
cements, and changes in measurement of 
fineness. French standards are still more 
strict than the American on additives to 
raw cements. 


Reinforced concrete—A manual of standard 
practice 

Concrete Reinforcing Steel Institute, Chicago, 1951. 
98 pp. 

The new edition of this manual, free upon 
request to engineers and architects in conti- 
nental United States, describes and illustrates 
A 305 reinforcing bars available from mem- 
bers of CRSI and gives pertinent ASFM 
specifications relating to the new type rein- 
forcing bars. Other sections contain data on 
standard details of design; general specifi- 
cations for materials, mixing and placing of 
concrete; standard sizes of bars, spiral rods 
and column spirals; allowable unit stresses, 
properties of sections, building code require- 
ments and weights of materials; concrete 
joist construction; and load table for solid 
concrete slabs. A worthwhile addition to 
the engineering library. 


Experiences with nondestructive testing of 
concrete with ball-test apparatus (Erfahrungen 
uber die zerstorungsfreie Betonprufung mit 
Kugelprufgeraten) 
HERMANN Hoerrcen and Geora Back, Der Bauin- 
genieur (Berlin), V. 26, No. 10, Oct. 1951, pp. 297-300 
Reviewed by Aron L. Mirsky 
The authors discuss the effect of various 
factors—aggregate size, condition and damp- 
ness of the test surface, age of concrete, type 
of apparatus, etc.,—on the relation between 
the results of the ball-impression tests 
(similar to the scleroscope hardness tests of 
metals) and compressive strengths, arid con- 
clude that the method is not universally 
applicable. It will not yield certain quan- 
titative results if the mix was very lean or 
dry, or the concrete is honeycombed (in- 


sufficiently compacted), frozen, too strong or 
weak (over 350, under 60 kg per cu cm), or 
where the effect of surface dampness cannot 
be evaluated. 

Latest developments in the design and con- 
struction of prestressed concrete sleepers 
(Derniers progres realises dans le domaine de 
la traverse en beton precontraint) 

Georces Worontzorr, Communication No. B 25, 
International Congress on Prestressed Concrete, Ghent, 
Belgium, Sept. 1951 

Describes developments during the last 
10 years in prestressed concrete railroad ties. 
Major difficulty in design has been the lack 
of data on the actual forces resulting from 
traffic and track conditions. Stress calcu- 
lations are uncertain and the author recom- 
mends actual tests in the track. The most 
important of the stresses are those which 
result in the section under the rail under 
wheel load and immediately after passage 
of the wheel, and those due to the bending 
and torsion of the middle section. 

Either long bench or individual mold 
systems are used in manufacturing the pre- 
stressed ties. An individual mold process 
of mass production is described. 


Final foundation treatment at Hoover Dam 
A. WARREN Srmonps, Proceedings, ASCE, V. 77, 1951, 
Separate No. 109, 22 pp. $0.50 
AvuTHOR’s SUMMARY 

In the design of Hoover Dam, the Bureau 
of Reclamation found it necessary to give 
careful consideration to certain features not 
subject to an exact mathematical analysis. 
The treatment of the foundation was one 
of those matters that involved a design based 
largely on experience and precedent. Be- 
cause of the height of the structure and the 
resulting high head, there was no established 
antecedent that would furnish a_ suitable 
comparison for the foundation treatment. 
However, pressure grouting was anticipated 
to reduce seepage, to eliminate uplift pressure 
in the foundation beneath the dam and 
appurtenant structures, and to correct defects 
in the bedrock. In addition to grouting, a 
drainage system downstream from the 
grouted area was considered essential. This 
paper describes the problems encountered in 
designing the treatment of the foundation, 
the conditions that developed after the reser- 
voir had filled, and the corrective measures 
to make foundation conditions agree with 
the original design assumptions. 
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Design of arch dams compared with the results 
of structural model tests (Berechnungen von 
Bogenstaumavern im Vergleich mit den 
Ergebnissen statischer Modellversuche) 

E. Tscuecu and F. Jasurex, Oéesterreichische | aa 


schrift (Vienna), V. 6, No. 2, Feb. 1951, pp. 17. 
Reviewed by Rupotpn Fiscui 

In connection with the erection of the Salza 
and Hierzmann dams in Styria, model tests 
were made at the Technical University of 
Graz to compare the results with that of a 
simplified design method. 

This method, developed by Professor F. 
Télke, is an approximation 
theory of shells. The author tried to modify 
the method in some points where differences 
with the model tests were obvious, as at 
the restrained parts at the springings. This 
method is said to be much faster than the 
trial load method, though it is necessary to 
revert to the latter to compute the final exact 
However, Télke’s method will give 
quick informations about the properties of a 
chosen dam section. 


based on the 


stresses. 


Exploratory tests to develop a method for 
determining the air content of hardened 
concrete 
ALEXANDER KLEIN, ag Pirtz and Miios PouivKa, 
ASTM Proceedings, V. 50, 1950, pp. 1283- 1286 
Av THORS’ SumM ARY 
determining 
concrete; (1) 
which consists 


methods for 
hardened 
an absolute-volume method, 

in pulverizing the concrete to a given fineness 
and then, 
water 


Describes two 


the air content of 


making allowance for evaporable 
and impermeable computing 
the air content from the difference between 
the over-all volume of the concrete specimen 
and its absolute volume after pulverizing; 
and (2) a vacuum-saturation method in 
which the air content is computed from the 
change in weight of a specimen due to satur- 
ation. The saturation of a standard-cured 
specimen is accomplished by first subjecting 
the specimen to vacuum and then saturating 
it with water under pressure. 

Air contents as obtained by the 
methods are compared to the air content of 
the corresponding fresh concrete as deter- 
mined by ASTM C 173-42 T. The absolute- 
volume method gives lower values of air 
content than the vacuum-saturation method. 
Both methods appear to be of equal repro- 
ducibility. The vacuum-saturation method 
is simpler and more rapid. Results show 


voids, 


two 
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that the air content of concrete decreases 
with age and that the type of agent used 
has an effect on this reduction in air content. 


Cementing agents for mass concrete: Investi- 
gations of hydraulic cementing agents of 
cement, lime and trass (Bindemittel fur Massen- 
beton: Untersuchungen uber hydraulische 
Bindemittel aus Zement, Kalk und Trass) 
Kurt Wauz, German Committee for Reinforced Con- 
crete (Deutscher Ausschuss fir Stahlbeton), No. 104, 
1951, Wilhelm Ernst & Sohn, Berlin. 68 pp. 5.50 DM. 
Reviewed by Aron L. Mirsky 
Report of investigations, conducted from 
1941 to 1949, on various aspects of cement- 
lime-trass cementing agents for mass con- 
crete: characteristics, flexural and com- 
pressive strengths, watertightness, heat de- 
velopment, and durability (against frost, 
weather, and chemically aggressive water). 
The author concludes that 250 kg per cu m 
of concrete of his Type I (35 percent portland 
cement, 10 percent lime, 55 percent trass) is 
better than portland cement alone for water- 
tight concrete, but that for weather perma- 
nence each cu m of concrete should contain 
about 300 kg of Type I or 250 kg of his 
Type II (45 percent portland cement, 10 
percent lime, 45 percent trass). Type I is, 
however, better in sulfate water than Type IT. 


New shell constructions using Zeiss-Dywidag 
system (Neuve Schalenbauten System Zeiss- 
Dywidag) 
Hans-Joacumm Evtirz, 
lin), V. 46, No. 1, Jan. 1951, pp. 1-5 

Reviewed by Rupouipnu Fiscuui 


Beton- u. Stahlbetonbau (Ber- 


Since the development of shell construction 
by Carl Zeiss and Dyckerhoff & Widmann 
Co. in 1923, more than 20 million sq ft of 
roof shells have been built, thus proving its 
variety and economy. Due to the shortage 
of wood at the end of the war, precast shell 
constructions have been developed and suc- 
cessfully erected. The paper describes two 
market halls and four industrial plants, all 
built after 1945, where shell roofs were used, 
with spans of the vaults up to 82 ft 6 in. 
longitudinally and 46 ft transversally. Very 
low maintenance excellent lighting 
conditions, high fire resistance and other 
advantages are the reasons that this con- 
struction has been more and more preferred 
for industrial buildings. Illustrations show- 
ing the.interior halls give an impression of 
the unusual open effect of this type of con- 
struction. 


costs, 





